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ivy Virtually unlimited capacity. 
32 layer definitions. 




















16 routing layers, 


Assignable Power and Ground layers, 


Copper pour for copper zones. 


All object, on line editing. (Point and 
edit. : AED edit uniquely, locally, or 
globally. 


Compound pad stacks with full rotation. 


Ability to import sections of existing 
boards for new design. 


iy Automatic footprint generators. 


Delete and undelete for 


all objects in the 
data base. 


Over 1,000 footprints. (All SMT Manual 
footprints. ) 


Ability to create mul 


lipackage interconnected 
modules 


Full dimensioning capability, 


All angle on or off grid manual routing 
with visual copper spacing. 


Arcs and circles for traces and outlines. 


Move, drag and place with 0.01 degree rotation 
resolution, 


Full support for release (o manufacturing. 


High quality autorouter, 16 layers 
simultaneously. 


$2,495 


| : B 386+ ae tool, 
free demo disk of OrCAD’ 's new PC 
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* 10K Piece Price 


The PA41/42 Its The Industry’s First 350V High Voltage 
Monolithic Power Amplifier in a SIP Priced at $13.60* 

The PA41/PA42 offers the designer 350 volts rail-to-rail and 120mA peak output 
current. This monolithic amplifier is fabricated with a MOSFET process which 
provides freedom from second breakdown. Housed in a 10-pin SIP, the PA42 is 
the twin of the PA41 which comes in an industry standard TO-3. 


Also New From Apex ... 450V Hybrid in a SIP 


Looking for more voltage? The PA87 is the industry’s first high voltage 
hybrid to be offered on a 10-pin SIP. Capable of operating on a 100V to 
450V supply, the PA87 features 300mA peak output current and consumes 


just 3mA of quiescent current. 


Free Data Book and Application Notes 

Information on the PA41, PA42 and the PA87 is included in the new 6th 
edition Apex DC/DC Converter, HV and Power Amplifiers data book. Call 
today for your free copy. 1-800-862-1021. 
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= 80V rms 
+165V QV-35 J V1 0 to telephone 
— BIMORPH oo ce line 
HEAD PA87 100V-450V 200/300 3mA = 7.5W_ $52.00 
Eee ui CORRECTION 
DYNAMIC TELEPHONE LINE 
HEAD TRACKING -—125V RING GENERATOR 


| | - = ~~ For Applications 
For Immediate : Assistance Call Toll 
Htech Free 1-800-862-1021 


Product Information, 


or to Place an Order Ee Ae SE, or FAX (602) 888-7003 
Call 1-800-862-1021 APEX MICROTECHNOLOGY CORPORATION Deutschsprachig 
or FAX (602) 888-3329 5980 N. SHANNON ROAD, TUCSON, ARIZONA 85741 0130 81 3599 





AUSTRALIA, NEW ZEALAND (08) 277 3288 BELGIUM/LUXEMBOURG (323) 458 3003 CANADA (613) 592 9540 DAEHAN MINKUK (02) 745 2761 DANMARK (45) 97 25 0816 
DEUTSCHLAND (06172) 5113 ESPANA (1) 530 4121 FRANCE (1) 69 07 08 24 HONG KONG 8339013 INDIA (212) 339836 ISRAEL (3) 9345171 ITALIA (2) 99041977 
NEDERLAND (10) 451 9533 NIPPON (3) 3244-3787 NORGE (2) 50 06 50 OSTERREICH (222) 505 15 220 PEOPLES REPUBLIC OF CHINA (86) 500 7788/623 
REPUBLIC OF SOUTH AFRICA (021) 23 4943 SCHWEIZ (0049) (6172) 5113 SINGAPORE (65) 741 8966 SUOMI (0) 522 122 SVERIGE (8) 795 9650 
TAIWAN—REPUBLIC OF CHINA (02) 722 3570 TURKIYE (1) 337 22 45 UNITED KINGDOM (0844) 278781 
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No matter what you’re looking for in surface mount passives, chances are you'll find it at AVX. That's becaus 
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EK Series-Voltage Controlled Oscillator -»—_KTS Series-Temperature Compensated Crystal Oscillator KS Series-Crystal 


new Y5V dielectric for higher capacitance in a smaller package. A complete line of low-profile Ta chips includin 





AVX RESISTIVE 
PRODUCTS 





— CTZ Series-Trimmer Capacitors . = ~ CVR Series-Trimmer Potentiomet 


such AVX “firsts” as our advanced Integrated Passive Component (IPC) for unmatched reliability in a custom 





ent Suppressors. = igh-Frequency Caps 





Accu-Guard Fuses a _ - SupraCap® MLC Cap for Power Supplies | 


nearly inexhaustible supply of SMDs, simply call us at 803-448-9411. Or contact your nearest AVX representative 


Some products not shown to scale. 


Ask the World of Us. 





AVX TANTALUM 
CAPACITORS 


PBF Series-Bulk Filter 


AVX ADVANCED 
PRODUCTS 


_ MAXI-SLC High-Frequency Caps 





ou’ll discover nobody has a better read on exactly what you're looking for in SMDs. 


INVA). CORPORATION 


A KYOCERA GROUP COMPANY 
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IEDM UNVEILS THE IC PROCESSES OF THE FUTURE... 48 


Advances in device structures and process techniques herald giga-element 
circuits. 


FEATURE-RICH CHIP SET POWERS DATA-FAX MODEM... 99 


Chip trio embodies all of the control, data-pump, and hybrid functions for a 
V.22bis data and V.29 fax modem. 


ESDA BOOSTS CAE TECHNOLOGY TO HIGHER LEVELS .. . 61 


A new class of system-level tools promises to automate the front end 
of design. 


ENHANCED PROGRAMMABLE LOGIC SPEEDS UP SYSTEMS... 111 


A new family of complex PLDs feature improvements in performance, 
routability, and usability. 
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Micro Networks Can Solve 
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with the Industry's Fastest 
CMOS Flash A/D Converters. 


FEATURES 


e 6-Bit Resolution 

e +5V Supply Operation 

° T/H Not micie ellgsie. 

e DIP and SOIC Packaging 


o @xe)aalaatsiceicl aelusiiarel 
laos Williite ay, wulelelers 


Call or FAX for FREE Samples 
or Product and Applications 
Taiceleaarciielay ele Clee GOs 
mica) av, @) @re)a cies ley 


Maximum Performance 
Minimum Power 
gky.¥ | 


Wille ce) WN siNelacs — 
Is cle wie) cele) 
“Registered Firm 


LS/ISO 9001/EN 29001 


LI] MICRO 


| ee  @) =| oe 
Cer Ola wilisisyt 
WAVeleersrciicia ray Onlelele 
Tel (508) 852-5400 
Fax (508) 853-8296 





CIRCLE 143 FOR U.S. RESPONSE 


CIRCLE 144 FOR RESPONSE OUTSIDE THE U.S. 


ELECTRO 





SWAC Improvements 

SWAG, the National Bureau of Standards’ Western Automatic Computer, is 
now operating 120 hours a week on complex problems in physics, engineering, 
mathematics, statistics, and meteorology. About 3/4 of this time is devoted to 
problem solution, while the remainder is used for maintenance, engineering 
development, and new equipment tests. 

Constructed in 1950 by the National Bureau of Standards, Washington, D.C., 
under the sponsorship of the Wright Air Development Center, SWAC is the 
first of the high-speed electronic computers to be completed with the fast 
Williams cathode-ray tube memory and operates at a rate of 16,000 additions 
or 2600 multiplications per second. Through the installation of a magnetic drum 
auxiliary memory, the scope and complexity of the problems handled by the 
machine have been greatly extended. The new memory holds 16 times as much 
mathematical information as the cathode-ray tube memory, with which it will 
be used to increase the overall memory capacity of the machine. 

SWAC contains about 2600 tubes and 3700 crystal diodes, and the average 
tube life is between 8000 and 1000 hrs. To date, few tubes have been lost because 
of heater failure. The largest percentage of tube failures have resulted from 
low emission and intermittent shorts. All electronic components in the com- 
puter are mounted on a removable plug-in chassis, so that faulty operation can 
usually be corrected by replacing a bad chassis with a spare. An air conditioning 
unit was installed to maintain the incoming air in the ventilation system at a 
constant temperature. This minimized temperature cycling of crystal diodes 
and decreased their failure substantially. 

Operating efficiency has been increased by a loudspeaker and buffer tube 
with a plug-in arrangement which allows the operator to listen to the commands 
in a problem (e.g. an alternate succession of add and subtract commands 
produces an 8ke note). The addition of one tube and a few crystals created a 
converting output command, effective only with the output typewriter and tape 
punch, which converts fractional binary numbers to octal, decimal, or any other 
base up to 16.(Electronic Design, December 1953, p. 6.) 

This is a fascinating item, filled with comments on the features and charac- 
teristics of early computers: a Williams tube, magnetic drum memory, tube 
reliability, the use of air conditioning, a choice of output radix, and even 
installing a loudspeaker to listen to the computer as it performs its operations. 
Have you listened to your computer's logic circuits lately ?—Ed. 


Decade Scaler Has 30,000 Events/Sec Rates 

This high-speed six-digit Decade Scaler is adapted for use in telecommuni- 
cation and in computers for frequency and nuclear measurements. Including a 
power supply and appropriate control circuits, it has a maximum cyclic rate of 
30,000 events per sec, 
minimum = resolving 
time of 25msec, and a 
total registration of 
999,999. Direct indi- 
cating Type EIT 
tubes are used, and 
the input circuit is not 
limited to any specific 
wave shape. The in- 
strument is designed 
for standard rack 
mounting. Research 
& Control Instru- 
ments Div., North American Philips Co., Inc., 750 S. Fulton Av., Mt. Vernon, 
N.Y. (Electronic Design, December 1958, p. 35.) 

Regular readers will recall the Amperex H1T decade-counter tubes in our July 
22 “40 Years Ago” column. Apparently, this is one of its first applications.—Ed. 





“Colon cancer is a disease that afflicts more than 
150,000 Americans each year and eventually kills over half. 
Yet, any doctor will tell you that with early detection, the survival 
rate could be raised to as much as 90%. 
Can advertising have the power to make people confront 
this disease, overcome their fear and actually consult their 
doctors about it? 
bb You bet your life it can. 
f you aou bt Take the case of the Advertising 
Council’s campaign against colon 


he power cancer. The first-ever study of public 
of advertising ees 

Le T other market elements ike = News, 
you consult esata dentin 
a doctor.” 











July 1989 to July 1990 in 4 markets 
in 10,000 households, at the equiva- 
lent of $21.3 million worth of air 
time, the average amount of donat- 
ed time behind Advertising Council 
spots. 

After six months of being 
exposed to one commercial, aware- 
ness of colon cancer among adults 
4O and over rose from 11% to 29%. 

After a year, awareness 
reached 40%. 

The number of men who con- 
Sulted their doctors more than dou- 
bled to 15%. 

Now, if advertising can get peo- 
ple to see their doctors about some- 
thing as unpalatable as colon can- 
Herb Baum, Pres., Campbell North & South America and Chm. of the Advertising Council. = CQf_ don't yOu think it can get people 

to consider your product? 
Oh, there’s one more thing. If you’re over 40, ask your 
doctor about colon cancer.’ 











American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, New York 
10017, enclosing a check for five dollars. You will receive our booklet /t Works! How Investment Spending In Advertising Pays Off. Please allow 4 
to 6 weeks for delivery. 

This advertisement was prepared by Cajlet, Hirsch & Ferrell, Inc., New York, New York: Photo: Fred Weber. 
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| ~ SU110P 
WIDE. RANGE 
~ INPUT-SWITCHERS | 
i 85-264V AC universal.input’ 
™@ 30/40/65/110W output power 
_ i Single. to quad outputs _ 
* m Compact footprints. - 
" Low profile on 30/40W series 


(1.2" in height) sos 
BR Available: in PCB/L-B/BOX 


ay G B: TUV Rheinland 





+P 






oO FORTRON/SCURCE 


TABLETOP 0°. 
POWER SUPPLIES. 





85 to 264V AC universal input 
Compact size & light weight 
Up to 55W output. power 
Built-in EMI filter 


Input surge current protection __ 


Overvoltage/current protection 


_ Circular DIN or hollow co-axial 
UL/CSA/TUV approved 


Call for 


custom applications 


2925 Bayview Dr. 
Fremont, CA 94538 
Tel: (510) 440-0188. 
Fax: (510) 440-0928 
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new interface chip. 


Now computer designers 
can downsize and simplify 
PCMCIA power manage- 
ment in all application 


types. 


PCMCIA POWER INTERFACE 






CONTROL BUS 


PP 
Rikeeeee =6Vcc 


Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductc 


A smaller PCMCIA interface. 


Our highly integrated monolithic 
Si97 10CY interface switch 
eliminates many external 
components — reducing system 
size and improving 
reliability. 

A more efficient 
PCMCIA solution. 


This PCMCIA rev. 2.1 
compatible IC has 
on-resistance as low as 
150 mQ, the industry’s 
lowest, for improved tolerance 
on the output voltages. And its 
low 1-uA leakage current signifi- 
cantly extends battery life. 


PCMCTA 
SLOT 


TEMIC International Sales: UNITED KINGDOM: 0344-485757. GERMANY: 07131 67-0. FRA CE: 1-3 


SCANDINAVIA: 08-733-0090. SINGAPORE: 65-788-6668, ext. 249. HONG KONG: 852-3789 








A simpler Plug and Play design. 


The Si9710CY, by eliminating up 
to seven power discretes and 
drivers, simplifies the design task 
and reduces design cycle time. 


Get more efficient host adapter 
designs. 


Contact your local Siliconix/ 
TEMIC sales office. Or call our 
toll-free hot line and ask for 
more technical information. 
1-800-554-5565, ext. 515. 


YT we 
Siliconix 
A Member of the TEMIC Group 


2201 Laurelwood Road, Santa Clara, CA 95054 
Fax: 408-970-3995, Attn. 515 











SGS-THOMSON, the world leader in Smart 
Power ICs, can put an encyclopedia of dynamic 
power applications, plus the industry’s most 
innovative power ICs and discretes in your hands. 

Want to minimize assembly costs and maxi- 
mize reliability? Increase design functionality 
and performance without increasing complexity 
and costs? Deliver more power to the load without 
expensive heatsinks and cooling fans? 

Send for SGS-THOMSON Microelectronics 
Free Designer's Guide to Power Products. You'll 
find the most efficient solutions to tough power 


© 1993 SGS-THOMSON Microelectronics. All rights reserved. 


NOW THE POWER CAN BE 








design problems right at your fingertips. The 
Designer's Guide is the one reference source that 
gives you ready answers to questions about 
stepper, DC and brushless motor control, plus 
power supplies, thermal management and more. 

As the world’s number one supplier of 
power ICs, SGS-THOMSON can support you 
with much more than an encyclopedia of powerful 
ideas. We back your designs with leading power 
products. For example, Multipower-BCD™ 
(Bipolar, CMOS and DMOS), the world’s leading 
Smart Power technology, lets you integrate 


IN YOUR HANDS. FREE. 


unlimited power transistors Mail us your business card or write us on 
in the output stages. Our your company letterhead today: 1000 E. Bell 
unique VIPower™ devices —_ Road, Phoenix, Arizona 85022. Or FAX 

feature true vertical cur- 602-867-6102. If you are a design engineer, 

rent flow just like apower © SGS-THOMSON will put real power in your 
transistor, with your choice —_ hands with a free copy of our 1200-page 

of MOS or Bipolar out- Designer’s Guide to Power Products (while 

put. SGS-THOMSON’s supplies last). Once you’ve seen how good our 
extensive family of power design ideas look on paper, you’ Il want to 
Power MOS transistors see them in silicon. 


The leader in power packages are Jowering dissipation 
comes through again with 


PowerSO-10™ the firstinanew and raising device speeds. 
series of high thermal performance S G S = TH O Mi S O \y 
surface mount packages. > / f | a lan 
e MICROELECTRONIC 
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S + M Siemens Matsushita Components 





COMPONENTS 





Varistors to the fore 


When you have valuable elec- 
tronic circuitry that needs look- 


ing after, leaving things to a 


guardian angel can be a little 
risky. Look to our varistors in- 
stead, and how they can sus- 
tain all possible kinds of flash- 
over from 4 right up to 3500 V. 


In industrial control and 
consumer electronics, just 
like in telecommunications 
or automotive load dump. 


The varistor line-up from 
S+M Components includes 
block and disk models, 
plus SMDs of course. So 
all the capabilities are there 
for a certain and sure appli- 
cation match. Founded on 


the know-how and expertise 


generated by our technol- 
ogy center for ceramic 
components in Austrian 
Deutschlandsberg. 


S+M Components is 
right up front in terms of 
quality too, with ISO 9001 
certification for develop- 
ment, design, production, 
assembly and service. 


S+M Components 
means playing safe and 
staying safe — throughout 
the whole variety of 
ceramic components. 


Write to 


Siemens Matsushita Components 
GmbH & Co. KG 

Marketing Communication 

P.O.B. 801709 

D-81617 Munich 

quoting “Ceramic Components” 






Compact multilayer chip 
varistor, with high non- 
linearity coefficient, surge 
current up to 1000 A, mini- 
mum protective level 4 V 


A19100-PR 209-X-X-7600 ROSE & REINARTZ 


Longitudinal micrograph 

of a multilayer chip varistor: 
comb-like electrodes of 
noble metal ensure effective 
voltage limiting. 


There are more than 6000 
different models in our range 
of ceramic components 


@ thermistors 

@ dielectric resonators 
and filters 

@ varistors 

@ ceramic capacitors 

@ resistors 





i 
4 
4 
E 3 
2 
a 
; 
; 
5! 


The components make it - 
Siemens Matsushita Components 
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LCD Proto Kit 


Everything you need to 
Start your LCD application 
.... create complex screens 
in just a few hours! 


240 x 64 Kit provides 
pixel serial inter- 
Supertwist face to IBM 
LCD PC for quick 
mounts : prototyping. 
directly Se Board also 
onto . supports 
CYBO003 SS displays up 
proto- < to 240 x 128 
typin 7 pixels. 
board. = 
Interface to 
6 soft keys or 
4x 4 key matrix. 


Dial 0-25k 
ohms for LCD 
contrast. 


SS 


SSR 


Wirewrap Controller 
area for Ses: provides 
custom; parallel or 
circuitry & serial high- 
or back- level control 
light. § of Instrument- 
size LCDs. Up 
to 256 built-in 

' windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 
graphics are main- 
tained in separate 
planes, facilitating 
special effects. 
Complete User 
Manual included. 


Alternate Add your own 8051 
CPU for stand 
alone operation. 


RJ 11 

serial jack for 

RxD, TxD, 

CTS, and 5 Pin 
GND, plus Power Power 

2 spares. DIN. Connector. 





Kit also includes: 


Power supply provides +5v and Gnd for 
board, -12v for LCD, 
and + 12v spare. Sample routines in 

8051 Assembler 


and QuickBasic. 


LCD Paint™ for 
creating your own 
graphics 

images. 


cable with 
DB25F 
connector 

for your IBM PC. 


$495 - Kit 


Popular LCD Starter Kit. 


Demo routines 
preprogrammed 
into 8751 for 
immediate 
gratification. 





($595 pre-assembled & tested) 


*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


fe Box 3000 @ San Gregorio CA 94074 
Tel: 415-726-3000 @ Fax: 415-726-3003 
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EDITORIAL 


FRoM HAND CRANKS To SATELLITES 


n our Nov. 1 issue, we published letters from readers who responded to 
the “40 Years Ago” item concerning a 56-lb. hand-cranked lifeboat radio. 
Several readers recognized it as the “Gibson Girl” emergency radio, so 
called because of its hourglass shape, and reminisced about their experi- 
ences with the radio (if you missed those colorful letters, see p. 127 of the Nov. 
1 issue). The story, however, has yet another footnote: We recently received a 
letter from Jack G. Ganssle, president of Softaid, Columbia, Md., who wrote: 

“T couldn’t resist responding to the comments made about the 56-pound 
‘Gibson Girl! lifeboat transmitter from so many years ago. Times have certainly 
changed. In 1992, while racing alone across the Atlantic, I had to abandon ship 
500 miles from land after 32 days at sea. I activated a modern 406-MHz EPIRB 
[Emergency Position Indicating Radio Beacon] transmitter that sent a per- 
sonal ID to one of six orbiting satellites. The spacecraft computed my position 
via Doppler shift and downlinked the data to the Coast Guard, who vectored a 
German container ship to my rescue. Elapsed time: 4 hours from turning the 
unit on till the ship was in sight!” 

A letter such as this really exemplifies the tremendous gains made in elec- 
tronics technology over the past 40 years. More specifically, though, it high- 
lights one of today’s major market and technology trends—the growth of 
wireless technology. While it’s fascinating to compare today’s VLSI-based 
portable devices with the 50-lb. behemoths of yesteryear, it’s much more 
exciting to think about the future of wireless technology, which is arguably the 
fastest-changing, fastest-growing segment of the electronics industry. 

Many individual technologies are converging on the wireless market, spurred 
on by recent FCC actions to open up new frequencies and by rapid consumer 
acceptance of portable communications devices. We’re seeing improvements in 
RF semiconductor devices on many fronts, as well as lower-cost 16- and 32-bit 
microcontrollers to control the functions of wireless units, and more efficient 
battery power-control ICs for portable applications. In addition, major com- 
petitive battles are shaping up among the cellular and digital radio service 
providers. The exploding technology has also compelled some companies to 
expand their efforts to participate this market. For instance, Analog Devices, 
a major supplier of linear ICs, data converters, and digital signal processors, 
recently established an RF division to pursue the wireless market. 

With such activity, my guess is that in the next 5 to 10 years, wireless 
technology will advance as far beyond the emergency radio beacon-satellite 
system of Mr. Ganssle’s boat as that bea- 
con is beyond the hand-cranked Gibson 
Girl radio. 


fle xfer 


Editor-in-Chief 
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PDT switches with built-in driver 
ABSORPTIVE or REFLECTIVE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $14.95. So why bother designing and building a ariver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits’ latest innovative integrated components? : 

Check the outstanding performance of these 
units...high isolation, excellent return loss (even in the 
“off” state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. 

These rugged devices operate over a -55° to 

+100°C span. Plug-in models are housed in a tiny 

plastic case and are available in tape-and-reel format 

(1500 units max, 24mm). All models are available for 

immediate delivery with a one-year guarantee. finding new ways 
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SPECIFICATIONS absorptive SPDT Reflective SPDT 
(typ) YSWA-2-50DR YSW-2-50DR 
ZYSWA-2-50DR ZYSW-2-50DR 


Frequency dc- 500- 2000- dc- 500- 2000- 
(MHz) 500 2000 5000 500 2000 5000 
Ins. Loss (dB) Va. Tg 0.9 
Isolation (dB) 20 50 
1dB Comp. (dBm) 22.5 20 
RF Input (max dBm) aoe 22 
VSWR “on” . 130°." 1.4 
Video Bkthru 30 30 30 30 
(mV,p/p) 
Sw. Spd. (nsec) 3 3 3 3 3 3 
Price, $ YSWA-2-50DR (pin) 23.95 | YSW-2-50DR (pin) $14.95 
(1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 
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Sie PO Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers NORTH AMERICA 800-654-7949 « 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 


For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK 
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DSP and Telecommunications. 


Most FIFOs just aren’t cut out for these applications. 


TYs are. 


Texas Instruments application-specific 
FIFOs fit your applications like they were 
made for them. Because they are. 

For imaging and floating-point applica- 
tions using digital Siena processors 


DSP FIFO 
Features 


(DSPs), our single-chip 36- J 
bit DSP FIFOs provide aes 
parallel port interface, ° 
specialized microprocessor 
control logic and bidirec- 
tional mailbox registers, 
allowing for improved 
system performance. 

And for today’s trans- 
mission systems, TI’s 
Telecom FIFOs _ help 
designers meet advanced 
synchronization require- 
ments by providing elas- 
tre’ store in 1-bit-wide = 
interfaces at industrial ,4@ee 
temperature specifica- %&% 
tions. 

And these are just a 
part of TI’s planned appli- 
cation-specific FIFOs. So 
now, rather than having to 
compromise with tradi- 
tional off-the-shelf FIFO or 
custom solutions, you can 
buy an application-specific 


solution that helps you cut design time, 
reduce board and memory space and 


increase system performance. 
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Telecom FIFO 
Features 






Of course, when it comes to high-per- 
formance capabilities, all of TI’s FIFOs are 
cut from the same cloth. At TI, FIFO 
means Fast In Fast Out. 

TI’s advanced FIFO portfolio offers 
solutions in standard and 
fine-pitch packaging. 
Architectures range from 
64 to 4K word depths and 
1- to 36-bit widths. High- 
speed clocked architec- 
tures feature multistage 
synchronization circuitry 
for improved metastability 
characteristics. 

And with our FIFOs 
you get ithe Total 
Integration™ benefits 
you've come to expect 
from TI: leading-edge 
silicon, technical informa- 
tion, design tools and 
worldwide service and 
support. 

So instead of trying to 
use FIFOs that aren't cut 
out for the job, why not 
use the ones that are. For 
more information on how 
TI’s FIFOs can help you 
make products that are a 
cut above, just complete and return the 
attached reply card or call 1-800-477-8924, 
ext. 3032. 
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INSTRUMENTS 


00-8445a 


LEADERSHIP IN 
THERMISTOR 
TECHNOLOGY 


\Keystone 


Re) \Fee st 


GLASS 
ENCAPSULATED 
THERMISTORS 





sense 
temperature 
quickly 


These NTCs—hermetically 
sealed in glass—are well pro- 
tected from hostile environments 
to temperatures beyond 200°C. 
They protect themselves while 
reliably sensing air or surface 
temperatures either exposed or 
within probe housings. Resist- 
ance values @ 25°C: 1K to 5 
megohm. Response time: 3 
seconds. Price: Well below glass 
bead designs in any quantity. 





Also available 
in tape and reel 
for automatic insertion. 


Thermistor Division ¢ St. Marys, PA 15857 
814-781-1591 « FAX 814-781-7648 
Keystone Thermistors are distributed by 


Allied Electronics 1-800-433-5700 
Newark Electronics 1-800-367-3573 
Digi-Key Corp. 1-800-344-4539 
Dexter Corporation 1-800-345-4082 
Summit Distributors 1-800-678-6648 
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TECHNOLOGY BRIEFING 


Drivine VXI To Its FuLL PoTENTIAL 


he V XIbus standard is a success. But just how successful depends on 

whom you ask. OEMs are using more and more VXI (VME Exten- 

sions for Instrumentation) modules in discrete boxes as well as ATE 

systems. Among end users, however, VXI’s popularity has lagged 
somewhat. Although VXI modules meet the standard’s original intent of offer- 
ing interoperability between numerous manufacturers, integrating modules 
from different vendors is more difficult a task than most end users want to 
tackle. A large part of the problem revolves around software. 

Riding to the rescue of prospective VXI users is the VXIplug&play Systems 
Alliance, which is dedicated to increasing ease of use for multivendor VXI 
systems users. The group’s charter is to endorse and implement common 
standards and practices in hardware and software that are beyond the scope 
of the actual V X Ibus specifications. To do so, the Alliance will create both formal 
and de facto standards that define complete system frameworks. The ultimate 
goal is true “plug-and-play” interoperability at both the 
hardware and system-software level. 

“The bottom line is that users have been telling us 
they want more progress in the software area,” says Ron 
Wolfe, VXI marketing manager at National Instru- 
ments. “Users expect better cooperation between ven- 
dors on the software side. They expect to get software 
with an instrument. And they expect it to be open and 
usable in any way they want to use it.” 

Wolfe notes that anumber of instrument driver librar- i ¥ 
ies have been around for some time. But the drivers, YM | 
usually written by third parties, don’t employ the same JOHN NOVELLINO 
methodologies, and drivers from one package may not TEST & MEASUREMENT 
work with drivers from another library. The Alliance 
feels instrument vendors should commit to writing their own drivers. Although 
it will not try to standardize the capability of all drivers, the group wants to 
ensure a common underlying framework for driver development. The goal is to 
have all drivers work with any software. 

The founders of the Alliance include three of the five founders of the VXIbus 
Consortium, which wrote the V XI specification and continues to administer it. 
These include Racal-Dana Instruments, Irvine, Calif.; Tektronix Inc., Wilson- 
ville, Ore.; and Wavetek Corp., San Diego (another was Colorado Data Systems, 
since bought by Tektronix). The other two Alliance founders are GenRad Inc., 
Concord, Mass., and National Instruments Corp., Austin, Texas. 

Alliance members consider their group to be a “natural complement” to the 
Consortium. They point out that the Consortium’s job is to specify a broad range 
of baseline technology, not to discuss end-user needs, system software, cus- 
tomer service, technical support, or actual applications. Neither does the 
Consortium discuss, endorse, or direct product implementation philosophies. 

Conspicuously absent from the founders list, however, is Hewlett-Packard 
Co., the fifth founding member of the Consortium. HP said it wasn’t contacted 
prior to the announcement of the formation of the Alliance. Larry DesJardin, 
R&D manager for HP’s VXI Systems Div., Loveland, Colo., reaffirmed the 
company’s support for open standards in both hardware and software, citing 
its efforts in VXI, the Standard Commands for Programmable Instruments, 
and the Standard Instrument Control Language. “It is unfortunate that the 
Alliance members chose to exclude HP, Radisys, and other major VXI vendors 
from its formation, but this will not change our historic commitment to support 
truly open standards,” says DesJardin. 

There’s bound to be some political problems when competing companies with 
disparate interests try to work on a project of this complexity. But the success 
of the VXI Consortium proved that these problems can be overcome. For the 
sake of VXI end-users, let’s hope they can be worked out again. 




















































































































Introducing LabWindows/CVI 
for Windows and Sun 


onstructing an instrumentation system? Whether 

it’s data acquisition, process monitoring, or auto- 

mated test, you'll have to integrate your system 
hardware and software, on time and under budget. 
Welcome to LabWindows/CVI — the software tools to take 
your system from blueprint to reality. 


Industry-Standard Foundation 

LabWindows/CVI is based on industry standards - so it’s 
flexible enough for any job. Program in C. Run under 
Windows or UNIX. Acquire data and control your 
instruments using the standard NI-488.2™, NI-VXI™, and 
NI-DAQ® driver software. Simplify instrument control 
with the 300+ drivers in the growing LabWindows GPIB, 
VXI, and RS-232 instrument libraries. 


Open Software Architecture 
LabWindows/CVI is built on an open soft- 


"See us at Macworld Expo Booth 938" 





NATIONAL 
INSTRUMENTS* 


The Software is the Instrument ® 


ware architecture. You can integrate external DLLs, 
object modules, or libraries into your LabWindows/CVI 
programs. Or, use the DDE or TCP/IP libraries to 
communicate with other applications and computers. 
And, you can run all of your programs created with 
LabWindows for DOS. 


Interactive Programming Tools 

LabWindows/CVI combines the productivity of inter- 
active code generation with the speed and flexibility of 
ANSI C programming. Whether you are a casual 
developer or a professional software engineer, you'll 
assemble instrumentation systems faster, easier, and 
more effectively with LabWindows/CVI. 


Call now fora 
FREE brochure! 
(800) 433-3488 
(U.S. and Canada) 





6504 Bridge Point Parkway e Austin, TX 78730-5039 ¢ Tel: (S12) 794-0100 © 95 (800) 010 0793 (Mexico) © Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 ¢ Austria 0662 435986 © Belgium 02 757 00 20 * Canada 519 622 9310 * Denmark 45 76 26 00 ¢ Finland 90 527 2321 France 1 48 65 33 70 * Germany 089 714 50 93 
Italy 02 48301892 ¢ Japan 03 3788 1921 © Netherlands 01720 45761 * Norway 32 848400 * Spain 91 640 0085 © Sweden 08 730 49 70 « Switzerland 056 27 00 20 ¢ U.K. 0635 523545 


© Copyright 1993 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
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pore, Spain, Sweden, Switzerland, Taiwan, Thailand and the USA. 
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TI announces ‘Total Integration: 
Integration beyond silicon. 


It’s a changing world. No longer is it a matter of how 
many circuits you can squeeze onto a chip. Today the 
challenge is the integration of entire systems. 


That means the way you design and partition your 
system changes. And the way you choose a semicon- 
ductor company changes. Which is why we've changed. 


Today the guiding principle behind our semicon- 
ductor business is the concept of Total Integration™ It 
is our complete focus to help you reach your next level 
of integration faster than ever before, with products 
that are better than ever before. 


Extend your reach without 


industry, the greatest rewards often have 
the greatest risks associated with them. 
At Texas Instruments, our approach to Total 
Integration helps you manage the risks from product 





development through production. And you can count 
on our design assistance to help reduce risk. You see, 
we've worked with teacher-customers worldwide to 
better understand the problems you face when design- 
ing a product. 


Silicon solutions for your next 
level of integration. Faster. Smaller. 
Cheaper. The demands are endless. 
That’s why we’ve invested nearly $6 bil- 
lion in the last five years in both leading-edge R&D and 
a state-of-the-art global manufacturing base. All this to 
offer you a road map to integration today for your 
future product generations. 





Building on our broad base of standard digital, 
analog and mixed-signal functions, we’ve developed 
new cores like SuperSPARC™, microSPARC™, 
TI486SLC and DSPs. We’ve introduced a variety of 
options for creating user-specific ICs that are based on 


extending your risk. In the electronics 


analog and digital reusability as well as simple building- 
block techniques. 






Tools that help you build on 
what you've already built. Having the 
_ silicon technologies is just the first step. 

ETO actually move from concept to sys- 
tem, you have to have the right tools. So we’ve teamed 
with multiple hardware and software vendors to pro- 
vide tools that not only can run on open, industry-stan- 
dard platforms but are road-mapped and reusable. Two 
recent examples: TI and Mentor Graphics are develop- 
ing an open, industry-integrated tool set for on-chip 
integration of mixed-signal and power functions. 
Working with Cadence Design Systems, we will install 
the ASIC WorkBench™ in TI design centers around the 
world, simplifying the design of embedded arrays. 


Design information that puts 
your product on the map sooner. 
Speed your preproduction phase simply 
by accessing the right information at the 
right time. All of our product information will be able to 
reach your desk top via local sources of product data. 
And with Electronic Data Interchange, you can have 
instant access to our international network of design cen- 
ters for exchange of design information. We also offer 
simulation models for virtually all of our ICs. 





Total Integration: A totally new way of 
working. In a more demanding marketplace, it’s time 
to demand more from your semiconductor supplier. It 
is time to build a relationship with a company that can 
deliver the promise of better products and services. 
And the discipline to deliver on that promise. Time and 
time again. It is time for TI and Total Integration. 


To find out how Total Integration can extend your 
reach, just call us. 


ais TEXAS 
INSTRUMENTS 


Australia & New Zealand: Sydney, 61-2-878-9000, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-696-4446; 
Elizabeth, 61-8-255-2066, fax 61-8-255-2809. Hong Kong: 852-737-0338, fax 852-735-4954. Korea: 82-2-551-2800, fax 82-2-551-2828. 
Malaysia: 60-3-230-6001, fax 60- 3. 230-6605. People’s Republic of China: 86- 1-500-2255, ext. 3750, fax 86-1-500-2705. Philippines: 63-2-817-6031, 
fax 63-2-522-0146. Singapore (& India, Indonesia, Thailand): 65-350-8100, fax 65- 253- 6655. Taiwan: 886-2-713-9311, fax 886-2-716-9487. 
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SMD 
Power. 


Or where to find the widest 
selection of power SMDs 
at the lowest cost/amp. 





™  SMD-220 





SMC SMB 


- SMC 
Small as they are, our power SMDs save you 


more than just board space. They save you time. 
And money. With the best price-performance 
ratio from the widest choice of SMDs available. 


All off the shelf. All under one roof. And value- 
priced at the lowest cost/amp. From HEXFET® 
power MOSFETs and IGBTs to their drivers, 
the IR2100 Series. And, of course, Schottkys. 


You'll find no other power SMDs so closely 
matched in features and capabilities. But don’t 
take our word for it. Send for our "SMD Power 
Pak" by fax. Or call. 310-322-3331, ext. 2529. 


Power Dissipation 


You'll be surprised at what you save. 


= 
3 = = 
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50 oe) 100 125 
Ambient Temperature ‘C 


Available now at key IR distributors. 


International Rectifier 


SMD-220 
D-PAK 
SOT-223 


soT-228 | | SOT-89 





WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, USA 310-322-3331, FAX 310-322-3332, TELEX 66-4464, EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND, (0883) 713215, FAX (0883)714234 
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NEWSLET 


J OINT R &D T ARGETS NEW A cooperative research program will focus on the development of advanced 


materials and more efficient and safer materials-growth processes for com- 


MATERIALS, PROCESSES pound semiconductor materials. The program is the first stage of a joint 


R&D effort between Motorola Inc., Mesa, Ariz., and Sandia National Laboratories, Albuquer- 
que, N.M. Some targeted applications include high-power semiconductor lasers, photonic ICs, 
ultra-high-speed electronics for radar and signal processing, and IR imaging sensors. One of 
the program’s first projects will center on the development of novel high-speed, low-power- 
consumption aluminum-nitride and gallium-antimonide/indium-arsenide semiconductors. 
Sandia will provide its expertise in molecular-beam epitaxy material growth, surface physics 
analysis, advanced materials characterization, materials theory, and device process develop- 
ment. Motorola will add its expertise and resources in advanced device and circuit design and 
fabrication tools. A second agreement between the two companies will attempt to advance the 
capabilities of metal-organic vapor-phase epitaxy to create near-perfect compound semicon- 
ductors. Part of the research will also aim at developing an experimental and theoretical 
understanding of the chemistry of improved reactants used to manufacture the devices. Con- 
tact Peter Esherick at Sandia at (505) 844-5857. DB 


- bien of ; 
PLUG AND PL AY BIOS coalition of more than 20 hardware and software companies released the 


Plug and Play BIOS specification that simplifies PC configuration for end 


SP EC Is FINALIZED users. It’s now available free of charge for designers of future compatible 


systems. The standard was developed by Compaq Computer Corp., Houston, Texas, and Phoe- 
nix Technologies Ltd., Norwood, Mass., as part of a working group, with input from such 
companies as Microsoft and Intel. PCs that fall within the Plug and Play BIOS specification 
will seamlessly interact with the other two Plug and Play components—the operating system 
and I/O devices. To be compatible, the system BIOS must supply an identification and config- 
uration of system board devices, which include the disk drives, RAM, and math coprocessor. 
Systems that are completely compatible will internally resolve all conflicts to guarantee boot- 
up every time an I/O device is added or eliminated. The first PCs to employ the Plug and Play 
BIOS should appear early next year. For more information on the specification, contact Com- 
paq at (718) 374-8316 or Phoenix at (714) 440-8000. RN 


INTERCONNECT L ANGUAGE The interconnect description language (IDL) defines structures in both the 


electrical and physical domains, helping signal-integrity tools link behavioral 


SPANS DESIGN DOMAINS modeling with structural descriptions for top-down physical design of 


boards, multichip modules, and backplanes. IDL, developed by Cadence Design Systems Inc., 
San Jose, Calif., is the common thread that binds the pieces of the company’s signal-integrity 
solution together. The geometry extractor, field solver, interconnect library, closed-form 
algorithms, and multiconductor simulator communicate through the interconnect language. 
IDLallows for both detailed Spice-level and higher-level parametrized definitions of intercon- 
nect. Early in the development cycle, engineers can use IDL to define behavioral interconnect 
models for pre-layout technology and space exploration. The fundamental goal of these explo- 
rations is to generate design rules that subsequently guide the physical design process. For 
more information about Cadence’s IDL and signal-integrity environment, call the company at 
(408) 948-1284. LM 


HP OPENS INSTRUMENT Suppliers of I/O cards now have license-free open access to Hewlett-Pack- 


ard’s Standard Instrument Control Library’s driver-development specifica- 


DRIVER SP ECIFICATION tion. Asa result, card suppliers are able to create a single Standard Instru- 


ment Control Library driver for their cards or controllers that can be leveraged across a num- 
ber of applications. HP says this should make it easier for engineers and technicians writing 
test-and-measurement applications to interconnect their hardware. Eventually, they will be 
able to employ the same data-acquisition and analysis programs on various platforms without 
having to learn how to use different control libraries, the company says. HP announced the 
opening of access to the library along with release of Microsoft Windows and Windows NT 
software versions. It’s also available with HP-UX operating systems. HP will charge a nomi- 
nal fee to application developers who distribute the library with their application. JN 
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dc to 3GHZz ... S15 


lowpass, highpass, bandpass 


eless than 1dB insertion loss ® greater than 40dB stopband rejection ®surface-mount ®BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ® constant phase 
emeets MIL-STD-202 tests @ over 100 off-the-shelf models © immediate delivery 


low pass, Plug-in, dc to 1200MHz 





































































































































Passband | Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
loss < 1dB > 20dB > 40dB No. loss < 1dB > 40dB 
*LP-5 8-10 10-200 * LP-250 320-400 400-1200 
*LP-10.7 19-24 24-200 * LP-300 410-550 550-1200 
*LP-21.4 32-41 41-200 * LP-450 580-750 750-1800 
* LP-30 47-61 61-200 * LP-550 750-920 920-2000 
*LP-50 70-90 90-200 * LP-600 840-1120 1120-2000 
LOW PASS * LP-70 90-117 117-300 * LP-750 1000-1300 1300-2000 
* P-90 121-137 167-400 * LP-800 1080-1400 1400-2000 
*LP-100 146-189 189-400 * LP-850 1100-1400 1400-2000 
© *LP-150 210-300 300-600 * LP-1000 1340-1750 1750-2000 
] * LP-200 DC- 190 290-390 390-800 * LP-1200 DC-1000 1620-2100 2100-2500 
i Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 
ro) 
: Surface-mount, de to 57OMHz 
S SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 
— SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
SCLF-135 DC-135 210-300 300-600 
frequency Price, (1-9 qty), all models: $11.45 
Flat Time Delay, dc to 1870OMHz 
Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
Model 0.2fco 0.6fco fco 2fco 2.67fco 
No. loss < 1.2dB > 10dB X X X X X 
INSERTION LOSS * BLP-39 DC-23 78-117 Ea 3 Zo 0.7 40 5.0 
> * BLP-117 DC-65 234-312 312 Tas 2.4:1 0.35 1.4 1.9 
* BLP-156 DC-94 312-416 416 0.3:1 115 0.3 1.1 1.5 
. Pree +18 © *&BLP-200 DC-120 400-534 534 1.6:1 1.9:1 0.4 1.3 1.6 
oa * — *BLP-300 DC-180 600-801 801 send e oo 0.2 0.6 0.8 
2 rt.  %?BLP-467 DC-280 934-1246 1246 1.25:1 2.2.1 015 0.4 0.55 
z s  ABLP-933 DC-560 1866-2490 2490 1.3:1 2a 0.09 0.2 0.28 
ap -* ¢  ABLP-1870 DC-850 3740-6000 5000 1.45:1 2.9:1 0.05 0.1 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
: NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
uel high pass, Plug-in, 27.5 to 2200MHz 
Stopband Passband, VSWR Stopband Passband, VSWR 
MHz MHz Pass- MHz MHz Pass- 
Model loss loss loss band loss loss loss band 
HIGH PASS No. < 40dB < 20dB <1dB < 40dB < 20dB <1dB 
*HP-25 27.5-200 1.8:1 * HP-400 iC- 210-290 395-1600 1.7: 
* HP-50 41-200 TS *HP-500 | DC-280 280-365 500-1600 1.8:1 
© * HP-100 90-400 1.8:1 *HP-600 | DC-350 350-440 600-1600 2.0:1 
0 * HP-150 133-600 1.8:1 *HP-700 | DC-400 400-520 700-1800 1.6:1 
Ss *HP-175 160-800 11 *HP-800 | DC-445 445-570 780-2000 2.1:1 
= * HP-200 185-800 1.6:1 *HP-900 | DC-520 520-660 910-2100 1.8:1 
3 * HP-250 225-1200 1:3: *HP-1000} DC-550 550-720 1000-2200 1.971 
o * HP-300 290-1200 17H 
3 Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
eee bandpass, Elliptic Response, Constant Impedance, 
10.7 to 7OMHz 21.4 to 7OMHz 
Center | Passband 3 dB Stopbands Stopband | VSWR 
Freq. lL. 1.5dB Bandwidth ie IL. ; MH 1.3:1 
BANDPASS Model Max. Typ. > 35dB Total Band 
No. (MHz) (MHz at MHz MHz 
: oF: tel *BP-107| 107 | 96-115 0.6 & DC-220 
eal *BP-21.4) 214 19.2-23.6 3.0 & DC-330 
a) suainee *BP-30 | 30.0 27.0-33.0 3.2 & DC-400 
5 IMPEDENCE *BP-60 | 60.0 55.0-67.0 46&1 DC-440 
= \ *BP-70 | 70.0 63.0-77.0 6.0 & 1 o Eig sg 
2 Price, (1-9 aty), all models: plug-in $18.95 . 
2 ore Price, (1-9 qty), all models: plug-in $14.95, 
: BNC $40.95, SMA $42.95, Type N $43.95 BNC $36.95, SMA $38.95, Type N $39.95 


NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 


frequency 
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Performance Plus Flexibility 


With our new OPA622 and OPA623 op amps, you get superior 
performance plus flexibility for your video, RF, high speed analog, 
and digital signal processing applications. OPA622 combines a 
monolithic, integrated, current-feedback amplifier block with an 


internal independent buffer amp to create a voltage-feedback op amp. 


Its flexible design delivers the speed advantages of current-feedback 
amps or the precision advantages of voltage-feedback amps. Apply it 
in its current-feedback mode to optimize speed characteristics, or in 

the voltage-feedback mode for improved precision. 


Performance Plus Low Prices 


OPA623 is a wideband, current-feedback op amp that delivers a 
high slew rate at low quiescent current, excellent large-signal pulse 
response, low differential gain/phase errors, and broadcast system 
drive capability. Ideal for HDTV, broadcast video, and other analog 
Signal processing applications, its performance exceeds any other 
Similar amp out there. And, its very low prices make it a Super deal! 
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New High Speed Op Amps 






Try One—Free! 


Try our high speed, high performance op amps—FREE! For a FREE 
sample, data sheets, and Operational Amplifiers selection guide, just 
FAX 602-741-3895. Or, call your local sales rep for more information. 


e : iar’ 2 Pe a-«@ — 
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ee iorseEzs 
Bandwidth (2.8Vp-p) | _ 250MHz (VF 350MHz 


Slew rate 1700V/us 2100V/us 











Risetine _ 2.4ns 1.9ns 
Quiescent current +5mA +4mA 


Gain flatness 
(DC to 30MHz) 0.12dB 0.05dB 


Output current +70mA +70mA 
Settling time, 0.1% 17ns 9ns 




















Available in PDIP and SOIC. Demo boards also available. 
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Dedicated to the proposition that one good idea leads to another. 


Fifty years ago, getting the “big by terrestrial or satellite broadcast, 


picture” at home depended mostly across the continent or across the 


on your powers of imagination. But room, here’s why it pays to have 


the pictures to be delivered to homes _ Sharp go to bat for you. 

Tere h 
within this decade may exceed what A FINE LINE OF RE COMPONENTS. 
all but the most ardent futurist FINE-TUNED TO YOUR NEEDS. 


ever imagined. For years, Sharp has led the field in 


ost likely the miniaturization, noise reduction 
confluence for and seamless integration of RF 
nnovations in components, from Ku band LNBs — 
the industry’s smallest 


— to 22cc DBS 


ultra-compact DBS tuners — with their 
vanced designs, reduced component count 
and low power consumption — contribute to 
tuners. The breadth 


smaller system sizes and have established 


new paradigms for reliability and integration. nate, 
of Sharp’s line and 


information our ability to custom-configure help 
exchange now us meet your size, packaging or 
converging on the home market, with — power requirements readily. 
every media from video disks to fiber As North American DBS comes 
optic highways jostling for position. into its own, we'll be there to bring 
At Sharp, we’ve always been partial home whole new generations of 
to the path of least resistance — the products supporting, for example, the 
airwaves — ever since we created transmission of multiple signals and 
and marketed the first mass-produced vast home programming options — 


crystal radio sets back in 1925. 


the products of your imagination. 


You might be surprised at the 
number of areas in which 
Sharp continues to be the 
pacesetter in wireless com- 
munications components. 
Whether your transmission 


is in RF or IR bandwidths, 


H/V linear and R/L circular polari- 
zation LNBs from Sharp provide 
superior cross-polar discrimination, 
plus a waterproof, airtight structure 
which ensures reliable performance 


in the most severe conditions. 
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WE BRING TV SIGNALS TO 
THE HEART OF YOUR COMPUTER. 


It should come as no big surprise to A> wed 
see that Sharp, the 
world’s leading 


manufacturer of 
Sharp's 4 
flat-mount TV a sd - 
tuner/demodulator i 
features a 55 - 801 MHz 
tune range and demodulated 

NTSC video and audio outputs. 
A pin-compatible PAL version of the module 
will also be available, based on a 5.5 MHz 










RF components, 
is one of the 
first to deliver 
a TV tuner/ 
demodulator 
intercarrier frequency. 
in a flat-mount 
package offering easy integration in and power requirements precluded 
system design. their entry until now. And because 
It's the start of a whole new ball- __ this is a complete component module, 
game. Manufacturers of desktop and they can avoid design and develop- 
portable PCs gain immediate entry ment at the subassembly level — 
into video and multimedia — two always an enviable competitive edge. 


arenas where tuner size, mounting 





Sharp’s RY5 Series includes receiver, transmitter 


SHARP IS ON YOUR WAVELENGTH 
IN THE IR SPECTRUM, TOO. 


and bi-directional IR units. They support 38.4Rkb 
transmission rates over a I-meter range, operate 


: from a 5V source, and can be readily interfaced 
Sharp is the first company to deliver 


with existing digital circuitry. 


market-ready technology for short- 
range high-speed infra-red data 
transmission. Small size, low cost, 
low power consumption, immunity 
to EMI and no FCC licensing require- 
ments make Sharp’s IR product series 
a key player in a nearly limitless 
range of new applications, from 
personal communications systems to 3-volt operation are soon to follow as 
wireless joysticks and interactive TV. Sharp continues to evolve its expertise 


Transmission units providing ranges 


up to 3 meters, higher data rates and 





and experience in IR communications. 


ess revolution: we're pulling the future out of thin air. 


FREE! SHARP’S LATEST 
RF COMPONENTS CATALOG, 
WITH NO STRINGS ATTACHED. 


Sharp’s RF Components Short Form 
Catalog will show you a huge range 
of capabilities, sizes and 
packaging options indicative 
of our customer focus and 
cutting edge expertise. 
It's yours free, 

just for calling. 

And the fact is, 


your best connection is Sharp 


FROM SHARP MINDS 
COME SHARP PRODUCTS” 


FOR MORE INFORMATION CALL SHARP AT 1-800-642-0261 EXT. 902 
CIRCLE 129 FOR RESPONSE OUTSIDE THE US. 


Copyright © 1993 Sharp Microelectronics Group. 
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whether 
your venture 
calls for high-end digital signal 
processing, the power to store 
hundreds of pages of graphics within 
the smallest possible space, uncom- 
promising flat panel display 
quality, or a manufac- 
turer uncommonly 
committed to responding 
to your own design ideas. 
For more information, simply 
contact your nearest Sharp 
Electronics Corporation sales office or 


call us at 1-800-642-0261, Ext. 902. 
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Our new 60ns Boot 
everyone On é 


Intel’s new 2Mb and 4Mb of today’s high-performance CPUs. 
Boot Block Flash Memory Nothing else offers the functionality and 
chips just hit the streets. integration of Intel’s tailored, block-erase 
And with their 2--mm Ct architecture. It gives you a hard- 

60ns access time, they can really _ 4 ha ware-lockable block to keep your 
bring your embedded firmware : pan critical boot code totally secure; 
and PC BIOS designs up to speed. 2 ze ro-waiTstéTE ~ — narameter blocks to store product 
In fact, you’ll achieve zero-wait- codes, set-up parameters and/or 
state performance when you USE __intel’s Boot Block architecture gives you diagnostics; and main blocks for 


asymmetric erasable blocks with one lockable 


Intel Boot Block Flash with many _ biockto protect critical boot code. storing program code. 


© 1993 Intel Corporation. 





Block Flash is leading 
high-speed chase. 


To reduce power consumption, 2Mb and 
4Mb Boot Block chips automatically shift 
down to ImA active current between reads, 
while a deep-power-down mode reduces 
drain to 0.2uA. And they even come in a 
3.3V read version. 

Designing with Boot Block has never 
been easier. Both densities are offered in x16 
and x8, user-configurable, 56-lead TSOP and 
JEDEC-standard 44-lead PSOP packages. 
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For space-critical designs, a x8, 40-lead TSOP 
package is also available. 

For more information, call 1-800-548-4725 
and ask for Lit. Pack. #A6A62, or return the 
attached reply card. Then get Intel Boot Block 
Flash. And pull a fast one on your competition. 


intel. 
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PACKARD Viv hactateials COUNTER 


MEASURE 


Within budget. 
Without compromise. 


© CHANNEL 2 - 
CHANNEL } CHA ; 
s g Tigger® 
q Teooer® 1 Sensitivity 9 
4 Sensitivily ; iat 


Single 
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No other Universal Counter 
in its class helps you work 
faster for less. 


Telling you that HP’s new 53131A 
Universal Counter offers greater 
performance isn’t earth-shattering 


news. After all, you’ve come to expect 
that from a world leader like HP. 


So you probably wouldn't be surprised 
that our counter delivers rapid data 
transfer speed for fast systems testing. 
Or that it provides a combination of 
new features such as limit testing and 
analog display mode, along with 
statistics capabilities. All of which 
utilize the counter’s speed and reso- 
lution more efficiently, so you can 
make measurements faster than you 
ever thought possible. And we bet you 
wouldn’t even blink an eye if we told 
you our counter’s frequency and time 
interval resolution easily rival anything 
else in its class. 


What will shock you about HP’s new 
Universal Counter, however, is its 
unbelievably low price for all this 
high performance. See for yourself 
why our counter offers you an 
exceptional value. 


To talk to an HP engineer and receive 
free product literature, call one of the 
numbers listed below or your nearest 
HP sales office. 


United Kingdom (0344) 362-867 ¢ Spain (900) 123-123 ¢ France 
(1-69) 82-65-00 ¢ Italy (02) 92-122-241 ¢ Netherlands (020) 547-6669 
e Germany (06172) 16-1634 ¢ Singapore (65) 291-8554 ¢ Taiwan 

(2) 717-9524 ¢ Hong Kong (852) 848-7070 © Korea (2) 769-0800 

e Sweden (08) 750-20-00 ¢ Switzerland (057) 31-21-11 ¢ Australia 
(008) 033-821 ¢ India (11) 463-2379 ¢ PRC (1) 505-3888 


There is a better way. 
¢ 
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TECHNOLOGY ADVANCES 


RF TRANSPONDER EMBEDDED IN AUTO 
IGNITION KEYS STYMIES CAR THIEVES 


espite all of the key- 
based security sys- 
tems, lock bars, and 


alarm devices on the mar- 
ket, a skilled car thief can 
still break into and drive 
away a car in under 30 sec- 
onds. But next year in 
Europe, car thieves with a 
fondness for Fords may find 
their efforts thwarted by 
tiny RF transponders em- 
bedded in ignition keys. 

A new “vehicle immobi- 
lizing”’ security system, in- 
cluded on 1994 Ford auto- 
mobiles arriving at Euro- 
pean dealerships in Octo- 
ber, is based on the RF Reg- 
istration and Identification 
System (TIRIS), an identi- 
fication technology devel- 
oped by Texas Instruments, 
Attleboro, Mass. The Elec- 
tronics Div. of Ford Motor 
Co. applied this technology 
to its SafeGuard anti-theft 
security system for use on 
the Escort and Fiesta mod- 
els. SafeGuard may be in- 
troduced in some U.S. mod- 
els by 1995. 

TIRIS technology pro- 
vides a tamper-proof elec- 
tronic link between the 
driver’s ignition key and the 
ignition system of a specific 
vehicle. The system uses an 
electronic transponder that 
requires no battery power 
to operate, but instead re- 
lies on RF pulses sent by an 
electronic reader located in 


the car’s steering column 
(see the figure). 

In the Ford automotive 
application, the transponder 
probe is 22 mm long and 3.8 
mm in diameter, and is lo- 
cated in the head of a car’s 
ignition key. The probe con- 
tains an antenna and an 
EEPROM that holds a 
unique code specific to the 
vehicle, meaning that the 
coded key is valid for starting 
only that vehicle. The code, 
which is determined during 
the vehicle’s manufacture, is 
guaranteed to be unique to 
within one part in 2 x 10™ 
codes. 

The RF reader is moun- 
ted in the steering column 
near the ignition slot. When 
the ignition key is inserted 
and turned, the reader con- 
tinuously sends out an RF 
pulse that’s about 50 ms 
wide. The reader’s antenna 
is integrated with the igni- 
tion switch and the steer- 
ing-lock barrel. Its trans- 
ceiver is electrically con- 
nected to the car’s elec- 
tronic-engine-control (EEC) 
module. 

Upon turning the key, the 
transponder’s antenna picks 
up the pulsed transmissions 
from the reader and stores 
the charge in a capacitor 
when the pulse is off (the off 
time of the pulse can be as 
long as needed, depending 
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1-ms delay, the transponder 
retrieves its unique code (in 
the EEPROM) and uses 
that code to frequency-modu- 
late an RF signal that’s sent 
back to the reader. 

The reader next senses 
this returned signal, de- 
modulates it, converts it to 
a serial code, and compares 
this code with its own code 
stored in the vehicle’s EEC 
module. If the codes match, 
the module activates either 
the fuel-pump relays or the 
EEC itself. The entire 
transaction occurs in less 
than a second. 

If, on the other hand, the 
reader doesn’t receive the 
correct signal from the 
transponder when the igni- 
tion key is turned, the car’s 
fuel system (or the car’s 
electronics in some models) 
won't function and an alarm 
indication is provided. Un- 
like other theft-prevention 
systems, SafeGuard can’t 
be overridden or hot-wired. 

In some configurations of 
the system, a vehicle owner 
is provided with a master 
key, from which duplicate 
keys can be made. The mas- 
ter key is designed to be 
used for duplicating pur- 
poses only, while the slave 
keys are designed for the 
driver’s key ring. Only du- 
plicate keys made directly 
from the master will enable 
the car’s engine. Should the 
master key be lost, the 
dealer or manufacturer can 
reproduce that vehicle’s spe- 
cific key. 

According to TI, the sys- 
tem is easier to use than 
systems based on personal 
identification numbers that 
require users to remember 
and punch in a code. Also, 
because the transponder in 
the TIRIS technology is 
completely passive and 
uses no battery power, it is 
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much more rugged than 
typical anti-theft systems 
and lasts the lifetime of the 
vehicle. 

Conventional contact-based 
security systems require 
battery power to operate 
and depend on reading the 
contact resistance within 
the car’s key (the key has a 
resistive element embed- 
ded in it). That resistance, 
which has to be within a cer- 
tain range for the vehicle to 
start, can change due to 
normal wear and tear of the 
key, to the point where the 
car will not start. Conse- 
quently, that key must 
eventually be replaced. 

In addition, the technol- 
ogy’s unalterable codes of- 
fer a higher level of security 
according to TI. For in- 
stance, infrared systems 
popular in Europe can be 
easily overriden now that 
electronic stores sell low- 
cost equipment that can in- 
tercept and emulate an in- 
frared signal. 

The flexibility of the 
TIRIS RF technology will 
allow automotive manufac- 
turers to adapt it to a vari- 
ety of uses beyond theft 
prevention in the future. 
For example, the technol- 
ogy could be used to tailor 
the vehicle to individual 
needs. Separate “husband” 
and “wife” keys could auto- 
matically trigger seat and 
mirror adjustments, as well 
as preset preferred radio 
stations. A “teenager” key 
could limit the vehicle’s top 
speeds. Other keys that re- 
strict access to the trunk or 
glove compartment could 
be used when giving the car 
to a mechanic or valet. 

Furthermore, the TIRIS 
technology’s read range— 
the distance from which the 
transponder can be pow- 
ered from the reader—of 1 
m could allow for passive 
entry and exit applications. 
In these systems, the pres- 
ence of the key would auto- 





technology has been speci- 
fied for vehicle-identifica- 
tion applications that auto- 
mate toll collection. The 
system will work as long as 
the transponder is within 
the vicinity of the reader to 
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pick up the latters RF 
transmissions. 
transponder can be pack- 
aged in a variety of shapes 
and sizes to suit the applica- 
tion. 

For more information, 


And_ the 


contact Tony Sabetti of TI 
at (508) 699-1982. 
MILT LEONARD 





NIMH BATTERY-PACK INTERCONNECT 
ADVANCES STANDARDIZATION 


ne year after an- 
nouncing its planned 
line of standardized 


nickel-metal-hydride 
(NiMH) rechargeable bat- 
teries for the communication, 
computing, and camcorder 
markets, Duracell Inc., Be- 
thel, Conn., has enlisted the 
aid ofa major interconnection 
manufacturer to develop a 
standard battery intercon- 
nection (ELECTRONIC DESIGN, 
Nov. 22, p. 18). Two of four 
newly introduced packs for 
portable computers incorpo- 
rate the connector scheme 
conceived by AMP Inc., Har- 
risburg, Pa. 

The interconnection ad- 
dresses a number of design 
issues while holding out the 
potential for shorter design 
cycles. According to David 
Griesemer, AMP’s manager 
of development engineer- 
ing, most of today’s com- 
puter battery packs incor- 
porate flat-plate-style in- 





























































































































terconnections. A number 
of problems are associated 
with these flat plates, 
though. For one, there’s a 
limited amount of wiping 
and cleaning action as the 
battery pack’s contacts 
mate with those of the com- 
puter. For another, such 
contacts are only slightly 
recessed, providing a mini- 
mal amount of protection 
against electrical shorting 
and mechanical damage. 
Not only that, such inter- 
connections are typically 
designed on a custom basis 
for each battery pack, 
which itself is usually a cus- 
tom design. 

AMP’s Advanced Bat- 
tery-Pack Interconnect ad- 
dresses these issues while 
extending additional ad- 
vantages (see the photo). 
As the battery pack’s re- 
cessed contacts mate with 
the pc-board header, a firm 
wiping action removes ox- 
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ides that can ultimately 
cause discontinuity. In addi- 
tion, its recessed contacts 
eliminate accidental short- 
ing. Design flexibility 
stems from the connector’s 
multidirectional interface 
that mates in more than one 
angle and position to give 
designers added versatility. 
Even more flexibility is at- 
tained because the battery 
pack and header can mate 
at varying heights. Polari- 
zation features prevent ac- 
cidental mismating. 

The interconnect is de- 
signed to automatically ex- 
ert an optimum normal 
force on the batteries’ con- 
tacts, eliminating the need 
for OEMs to devise exter- 
nal mechanisms that would 
force contact between bat- 
teries and contact points. 
The inner contact surface is 
nickel plating over a copper 
alloy. The connector is rated 
at 1000 mate/demate cycles 
for the pack side and 5000 
for the header. The 1000 cy- 
cles roughly corresponds to 
the expected lifespan for 
the batteries themselves. 

Other specifications for 
the interconnection include 
a current-carrying capacity 
of 7 Aat atemperature rise 
of 30°C. Its operating tem- 
perature ranges from —380 
to 70°C. 

The four battery-pack 
models offer capacities of 
12, 18 (in two mechanical 
configurations), and 27 Wh. 
These capacities were ar- 
rived at after extensive 
consultations with OEMs, 
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as were the batteries’ 
physical form factors. Two 
more packs for cellular tele- 
phones and personal digital 
assistants are forthcoming. 

Duracell is _ planning 
ahead for standardized pro- 
tocols involving communi- 
cation between the battery 
pack and the system it pow- 
ers. The packs are ready to 
accept an ASIC to be de- 
signed in later for intelli- 
gence features such as on- 
line status indication. Ques- 
tions remain, however, as to 
how much active circuitry 
can be designed into the 
packs. One scheme may in- 
volve a_ partitioning of 
charging circuitry, in which 
some elements are placed 
inside the packs. Another 
avenue may be to develop a 
universal charger that will 
accept all standard packs, 
doing away with separate 
wall chargers for a tele- 
phone, computer, and cam- 
corder. 

Standardization of NiMH 
battery packs is intended to 
combat the rapid prolifera- 
tion of the packs and, at the 
same time, establish a 
NiMH market for con- 
sumer electronics that’s 
more akin to the existing 
non-rechargeable (alkaline) 
market. According to Norm 
Allen, Duracell’s vice presi- 
dent of new-product sales 
and marketing, a small 
number of standard form 
factors makes matters eas- 
ier for OEMs, retailers, and 
consumers alike. Duracell 
has formed a technology al- 
liance with Toshiba Battery 
Co. Ltd., Tokyo, and -Varta 
Batterie AG, Hannover, 
Germany, inits efforts to es- 


Does your serial HEPROM 
fail the fast writing test? 


Like an EEPROM, our 
new 24C04 FRAM 


memory is non- 


Let Ramtron’s FM24C O4 


take the final exam. 
With 10 millisecond 


write-time delays, serial 
EEPROMsS are bound to 


fail..even in moderate tests 


volatile. But it — 
delivers greater 
. endurance, with 
ao? nearly [00 million 
of speed. 2 more writes. And, 
But theres hope. Because 
Ramtron’s new 24COA serial 


FRAM product has no write delay. 


it consumes less power. 
‘The FRAM family of 
advanced memory products 
Read/Write Endurance | includes 4K 


100,000,000 cycles | and 64K byte- 
100; 000 cycles wide as well 


Write Time 
no delay 
IO ms 


Active Power 
0.5 mW 
oe mW. 


FRAM 
EEPROM 


as 4K and IOK serial configura- 
tions...at prices that are less than 
you'd expect. They're perfect for 
consumer electronic products, 
business machines, communica- 
tions equipment, test instruments, 
industrial controls, medical equip- 


ment and more. 


Discover the facts for you rself. Call 
-800-545-FRAM, Ext. AFO3 today 
for our ‘Ideal Memory Kit’ and put 


our FRAM products to the test. 
~ 


[850 Ramtron Drive, Colorado Spins 80921. La) 7 oe 2 @199 3 Ramtron Intemational Corporation. RAM-127- a7 ee 
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The Siemens Semiconductor Group 
is the standard-bearer of European 
microelectronics technology all 
around the world. As the only Euro- 
pean manufacturer of memory chips 


in mega technology — from 1 to 
16 Mbit - our product range includes 


a 
more than 3000 integrated circuits 
and over 4000 discrete semiconduc- 
Zz tors. All of them are innovative prod- 





ucts that are upgraded and optimised 
in short cycles, with a view to exploit- 


The best address for Siemens Semiconductors: 


CA Wien Ew Ziirich @) 30880 Hannover ©) 70174 Stuttgart CE) Madrid Oldbury 
Tel. (0222) 71711-5661 Tel. (01) 495-3111 Tel. (0511) 877-0 Tel. (0711) 20 76-0 Tel. (01) 5554062 Tel. (03844) 396062 
Bruxelles ©) 40219 Dusseldorf C@) 90439 Numberg Ballerup CF) Paris Amaroussio/Athen 


Tel. (02) 536-2111 Tel. (0211) 399-0 Tel. (0911) 654-0 Tel. (44) 774477 Tel. (1) 49 22-3810 Tel. (01) 6864-111 
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ing their user-specific advantages 
directly on the chip for the benefit of 
customers worldwide. 


We practise “partnerchip” with our 
customers, applying our wealth of 
experience in the conviction that 
success on future markets can only 
be achieved by a joint effort. Our 
progressive mega technology, high- 
quality chip production and research 
activities, conducted both independ- 


GD Milano GD Oslo 5 

Tel. (02) 6766-42 41 Tel. (02) 633000 
Dublin Den Haag 

Tel. (01) 68 47 27 Tel. (070) 3333333 


CIRCLE 132 FOR U.S. RESPONSE 


PURUDEULELELEESURELULOUC EEL 


ce 
8 


ently and in conjunction with scien- 
tific institutes and universities, con- 
firm that strong partners are the best 
basis for international success. 


Our range includes: 

@® memory components, 

@® microcomputer components, 

@ ICs for communications technology 
and industrial control, automotive 
and entertainment electronics, 

@ semicustom circuits, 





©) Alfragide GP) Helsink 

Tel. (01) 4183311 Tel. (9) 0510 51 
Cs) Kista stanbu 

Tel. (08) 7033500 Tel. (01) 1510900 
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@ discrete semiconductors, 
@ opto semiconductors 
@ SIPMOS® semiconductors. 


What move could be more obvious 
than establishing a global partnership 
— with a manufacturer that is always 
there when needed? 

Contact your nearest Siemens 

office or write to: Siemens AG, 
Information Service HL 9101, 


Siemens 


ROSE & REINARTZ A19100-HL9101-V6-7600 


tablish standards. 

Besides the previously 
announced intention of Fu- 
jitsu Network Transmis- 
sion Systems Inc., Dallas, 
Texas, to use Duracell’s 
NiMH packs in its next gen- 
eration of cellular tele- 
phones, Duracell gained at 
least one other major de- 
sign win: According to Al- 
len, Compaq Computer 
Corp., Houston, Texas, will 
use the packs in its next 
generation of notebook 
computers. 

DAVID MALINIAK 


TECHNOLOGY ADVANCES 





MICROMACHINED MICROBOLOMETERS MAY LEAD 
TO LOW-COST INFRARED NIGHT-VISION SYSTEMS 


ypical infrared ([R) 
night-vision imaging 
systems require 
cryogenic cooling, complex 
scanning optics, and high- 
ticket sensors. As a result, 
such systems can generally 
go for $50,000 or more, 
which puts them beyond 
the reach of most non-mili- 
tary applications. But a de- 
velopment by the Honey- 
well Technology Center, 
Bloomington, Minn., is 
about to change all that. 
R.A. Wood, a scientist at 
Honeywell, reports that the 
company developed a low- 
cost IR focal-plane (staring) 
array that may allow night- 
vision camera costs to drop 
to less than $1000. The ar- 
ray is based on mi- 


You Need 
Tree City USA 


( ity trees add the soft touch of nature to our 


crobolometers fabricated 
on a micromachined silicon 
chip (bolometers are resis- 
tors whose resistance is a 
function of the radiated en- 
ergy impinging on them). 
Because the device consists 
of an array of 240 by 336 
individual pixel sensors, op- 
tical scanning isn’t needed. 















































In addition, the array oper- 
ates at room temperature, 
and is packaged in such a 
way that it can be readily 
inserted into a camera (Fig. 
1). 

Each silicon microbolo- 
meter sensor consists of 
a 0.5-mm-thick microma- 
chined silicon-nitride plate 























































































































































































































































































































Fig. 1 












































busy lives. They cool our cities, fight 
pollution, conserve energy, give wildlife a home, 
and make our neighborhoods more liveable. 

The trees on city property, along streets and in 
parks, are an essential part of the urban forest. To 
keep these trees healthy and abundant, your town 
needs an organized program for their care...an 
annual action plan to plant and prune the city’s 
trees, and to maintain their health. 

You can make a difference — by planting and 
caring for trees in your yard and in your neighbor- 
hood, and by encouraging your city government’s 
community forestry program. 

Support Tree City USA where you live. For your 
free booklet, write: Tree City USA, The National 
Arbor Day Foundation, Nebraska City, NE 68410. 


a er National 
7 Arbor Day Foundation 
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suspended clear of the un- 
derlying silicon by two legs. 
Silicon microbolometers are 
particularly suitable for 
room-temperature opera- 
tion because their perform- 
ance varies little with ambi- 
ent temperature. More- 
over, they can be designed 
at the peak of the Planck 
curve for room-tempera- 
ture targets (8- to 12-mm 
wavelengths) where the at- 
mosphere is also highly 
transmissive. 

Readout circuits inte- 
grated into the silicon se- 
quentially sense each of the 
arrays 80,640 bolometers 
once every 33 ms. These cir- 
cuits are made up of a high- 
speed transistor switch un- 
der each pixel and periph- 
eral multiplexing and con- 
trol circuits. External elec- 
tronics located in the cam- 
era convert the bolometer 


Turn your 
excess inventory 
into a tax break 
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Fig.2 


signals to a TV image. The 
external circuits consist of a 
preamplifier, an analog-to- 
digital converter, and a sin- 
gle-board __ digital-image 
processor. 

Mounted in a camera 
that’s equipped with an 
F/1.0 lens, the imaging sys- 


and help send needy 
kids to college. 


Call for your 


tem has a measured ther- 
mal sensitivity of less than 
0.04°C at TV frame rates. 
The system can produce im- 
ages superior in quality 
compared with costlier 
eryogenically cooled IR 
systems (Fig. 2). 

Dr. Wood will describe his 


"I’m a vice president because I sold 22,000 gizmos 
this year. How’d you become a v.p.?" 





































































































































































































































































































invention at the Interna- 
tional Electron Devices 
Meeting (IEDM), to be held 
at the Washington D.C. Hil- 
ton Hotel from Dec. 4-8. For 
additional information, con- 
tact Dr. Wood at (612) 956- 
4504. Conference informa- 
tion is available by calling 


"I made a great deal on the 200,000 
gizmos you didn’t sell last year.” 


free guide 
to learn how donating your 
slow moving inventory 
can mean a generous 
TAX WRITE OFF 
for your company. 


Call (708) 690-0010 


P.O. Box 3021, Glen Ellyn, IL 60138 
Fax (708) 690-0565 


Excess inventory today...student opportunity tomorrow 
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Introducing Motorola’s New 

Single-Board Computer. 

Meet the remarkable MVME197. 
It measures a mere 6x9 inches, but 
has the strength of several boards. 
In fact, the MVME197 is packed 
with more functionality, and more 
performance, than any single-slot 
6U VME board ever designed. 

On the other hand, we did 
have twice the room to work with. 
Because we put surface mount 
components on both sides of the 
board, front and back. 

Fast and Compact. 

The MVME197 is driven by 

single or dual 50 MHz RISC pro- 


cessors. These powerful MC88110 
engines take advantage of both 
on-board cache and Symmetric 
Superscalar™ processing. Making 
no single-slot 6U VME board on 
the market a match for the 
lightning-fast MVME197. 

But while its a speed 
demon, its also a space miser. * 

In addition to using both sides of 
the MVME197 board, we squeezed 
more functions into fewer ASICs. 
We also increased board density 
with LGA surface mounts. And we 
improved performance reliability 
with a new, highly-advanced 
soldering technique. 







Six Boards In One. 

Now, when space is crucial, the 
MVME197 will do the job of six or- 
dinary boards. So you can add more 
functions. Consume less power. 
And pay a whole lot less than 
} you would for half a dozen 
# peripheral boards. But what 
else would you expect from the 
leading supplier of VME boards? 

We have a VME solution for 
almost any type of application. 
And keep in mind, it’ not just 
whats on the board that counts. 
Its whats behind it. 

Call one of the numbers below 
for more information. 


There Are Two Sides To The 








Front Side 


Board 





AUSTRALIA 61-2-906-3855 * BELGIUM 32-2-718-5582 * FRANCE 33-1-4095-5900 ° 
GERMANY 49-40-236204-0 * HONG KONG 852-806-2901 * ITALY 39-2-8220-239 
JAPAN 81-33-280-8461 * SCANDINAVIA 46-8-734-8800 * SPAIN 34-1-345-8005 ° 
UNITED KINGDOM 44-62839121 


© Copyright 1993 Motorola Inc. Motorola and the Motorola logo are registered trademarks of Motorola Inc. 
“Because The Game Has Changed” and “Symmetric Superscalar” are trademarks of Motorola Inc. 
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Story Of The Most Powertul 
Ever Developed. 





Back Side 


MOTOROLA 


Computer Group 
Because The Game Has Changed" 
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TECHNOLOGY ANALYSIS 


IEDM UNVEILS 
THE IC 
PROCESSES OF 
THE FUTURE 


ADVANCES IN DEVICE 
STRUCTURES AND PROCESS 
TECHNIQUES HERALD 
GIGA-ELEMENT CIRCUITS. 





DAVE BuRSKY AND FRANK GOODENOUGH 





i heterojunction 
transistor 


Bond —Nichrome 
(pad ge resistor guy 


Semi-insulating idium-phosphide substrate 
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ovel device structures, finer-line pro- 
cesses, and new techniques for mak- 
ing digital, analog, and mixed-signal 
ICs and discrete devices are some of 
the topics to be described at next 
week’s International Electron De- 
vices Meeting (IEDM). The confer- 
ence, which will be held at the Wash- 
ington Hilton Hotel, Dec. 5-8, has 24 
technical sessions scheduled. They will explore the 
latest developments in high-density logic, novel tran- 
sistors, large memories, monolithic and discrete pow- 
er ICs and devices, displays, sensors, detectors and 
imagers. Three sessions are devoted to developments 
in vacuum tubes, non-extinct “dinosaurs” that contin- 
ue to find their way into leading-edge applications. 

Advanced CMOS processes with gate dimensions of 
just 0.1 pm will also be unveiled in several conference 
papers. Such processes promise giga-gate density cir- 
cuits. In addition, new memory cells for DRAMs and 
SRAMs debuting at the conference show the potential 
for 256-Mbit DRAMs and 64-Mbit SRAMs. 

One interesting development is that of room-tem- 
perature and integrated resonant-tunneling transis- 
tors (RTTs), devices noted for their ability to combine 
multiple logic functions into one simple circuit. Previ- 
ously, RTTs could only operate at liquid-nitrogen tem- 
peratures and were available only in hybrid form. This 
“hot” topic will be covered in Sessions 16 and 21. 

Because RTTs can exhibit multiple on and off states 
that are defined as functions of the input voltage, 
RTT-based circuits can implement complex functions 
with fewer gates than conventional logic. By co-inte- 
grating resonant tunneling structures with hetero- 
junction bipolar transistors, researchers at Texas In- 
struments Inc., Dallas, came up with the industry’s 
first RTT heterojunction bipolar transistor ICs that 








Quantum well 


i.e i-aluminum-arsenide 
L774 (A1As) 1.5 nm 
i-InGaAs, 5 nm 
i-A1As, 1.5 nm 
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demonsirated by Texas Instruments (a). Fabricated with layers of aluminum arsenide/indium gallium arsenide/indium arsenide, both single 


and dual-heterojunction bipolar transistors will implement highly efficient 


logic. Novel monostable-bistable transition logic elements 


(MOBILEs) developed by NTT combine a resonant-tunneling diode with multiple p* /n junctions to efficiently implement logic functions (b). 
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2. TWO DIFFEREN approaches developed by CNET are used to create negative-resistance devices. The first approach employs a 
biCMOS structure formed with the vertical bipolar transistor and an intrinsic JFET to achieve a change of several orders of magnitude (on/off 
ratio) in the current flow (a). The co-integration of a lateral bipolar transistor and an accumulation-mode MOSFET in the silicon-on-insulator 


material keeps the device area to about the size of the MOSFET (b). Moreover, it achieves a very strong n-type negative resistance. 


can operate at room temperatures 
(Fig. 1a). The circuits, described in 
session 16, were implemented in a 
III-V heteroepitaxial process on indi- 
um-phosphide (InP) substrates, and 
include XOR, XNOR, Carry, and 
full-adder functions. 

The transistor structures are fab- 
ricated with layers of aluminum ar- 
senide/indium gallium arsenide/in- 
dium arsenide (AlAs/InGaAs/InAs) 
on a semi-insulating InP substrate. 
The researchers created both single- 
as well as double-heterojunction bi- 
polar transistors on the same sub- 
strate. The transistors have an 11- 
GHz current-gain cutoff frequency. 
Maximum oscillation frequency for 
the single-heterojunction version is 
21 GHz; the double-heterojunction 
devices are 59 and 43 GHz. 


MOBILEs 


In the same session, researchers 
from Nippon Telegraph and Tele- 
phone Public Corp.’s LSI labora- 
tories, Atsugi, Japan, created a new 
logic gate with RTTs. Referred to as 
monostable-bistable transition logic 
elements (MOBILEs), the structures 
also provide high logic efficiencies 
and high current-drive capability 
that permits large circuit fan-outs. 
The MOBILE structure employs the 
monostable-to-bistable transition of 
a circuit, which consists of two RTTs 
connected serially, and drives the cir- 
cuit by oscillating the bias voltage to 
produce the transition. 

The device structure starts with a 
resonant-tunneling diode and multi- 
ple pt/n junction gates (Fig. 1b). 
The junction gates control the diode 
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area and, consequently, the current 
let through by the diode. The number 
of junction gates can be increased by 
placing them around the emitter re- 
gion (one end of the diode structure). 
The MOBILE performs a threshold 
logic function by taking a weighted 
sum of the input signals, because the 
total RTT current change is propor- 
tional to that sum and the weight is 
proportional to gate width. 

The variable-function logic gate 
implemented by MOBILHEs can per- 
form 14 of the 16 possible Boolean 
functions for two inputs simply by 
choosing the correct control volt- 
ages. In one design example, re- 
searchers created a cellular automa- 
ta that generates random sequences. 
The automata cell requires just three 
gates—about one-fifth the number 
of gates that would be required for a 
CMOS automata function. 

Using 0.l-um design rules, 
Schottky-collector AlAs/GaAs reso- 
nant-tunneling diodes were devel- 
oped jointly by the University of Cali- 
fornia at Santa Barbara, and the Jet 
Propulsion Laboratory and the Cali- 
fornia Institute of Technology, both 
in Pasadena, Calif. The diodes havea 
maximum frequency of 850 GHz— 
the highest reported for AlAs/GaAs 
structures. The frequency was 
achieved by reducing the parasitic 
series resistance with the Schottky 
contact rather than the typical n* col- 
lector and ohmic contact. 

Negative-resistance devices hold 
great potential for application in ana- 
log circuits, as well as in high-density 
SRAMs. However, most of the previ- 
ously reported RTTs couldn’t be inte- 
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grated in silicon. That’s starting to 
change, though, as some of the just- 
described papers illustrate. Re- 
searchers at CNET, Meylan, France, 
have also been looking at silicon- 
compatible negative-resistance ele- 
ments. One’s an offshoot of the verti- 
cal bipolar transistor often used in 
biCMOS processes. Another stems 
from a silicon-on-insulator (SOJ) film 
that co-integrates two devices—a 
lateral bipolar transistor and an ac- 
cumulation-mode MOSFET merged 
within a structure that’s about the 
size of a MOS transistor. 

In the biCMOS-based structure, 
thickness and length of the intrinsic 
JFET’s channel can be optimized to 
increase the efficiency of the channel 
pinch-off effect, thereby achieving 
several orders of magnitude change 
in the current drop through the tran- 
sistor (Fig. 2a). The co-integration in 
the SOI layer lets the dual-device 
structure attain a very strong n-type 
negative-resistance characteristic” 
when both devices are simultaneous- 
ly activated (F1g. 2b). 


A FORWARD GLIMPSE 


Even as new device structures are 
explored, improvements in existing 
structures, such as in CMOS circuits, 
are giving designers a view of the 
technology’s extensibility. In an in- 
vited presentation in session 6, IBM 
Corp., Essex Junction, Vt., will pro- 
vide a glimpse of ultra-large-scale in- 
tegration as minimum lithographic 
features go below 100 nm and circuit 
complexities extend beyond 10 to 20 
million gates. 

Researchers at IBM expect that 
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ow Showing on Screens Everywhere! 


ERP ERE SEER STATS 


ATBasic 4.0 With HP BASIC Compatibility 


HTBasic has the most extensive /ui/t-in support for GPIB, GPIO 
and data acquisition cards from companies like HP, IOtech, 
Keithley/Metrabyte, Data Translation, and National 
Instruments, not to mention TransEra's own line of outstanding 


‘rom first-run premieres of your newest programs to reruns of your 
avorite HP Basic programs, TransEra HTBasic 4.0 will make you 
star performer. 


‘his newest version of High Tech BASIC from TransEra runs not 
nly on IBM PCs but now on Sun SPARCstations, as well as the 
ewest HP 700 PA-RISC Workstations. 


ind HTBasic 4.0 is now compatible with the latest version of 
IP BASIC 6.2, including full support for TRANSFER. Utilities 
re included that directly read HP LIF format diskettes for both 
rogram and data files making platform switching as easy as 
hanging channels. 


ut cross-platform compatibility is just the beginning. You won't 
nd a better engineering tool for your technical, graphical, 
1athematical, scientific, laboratory, data acquisition, or 


istrumentation applications. 
CIRCLE 139 FOR U.S. RESPONSE 


plug-in cards. 


If you're a current HTB user, you'll want to upgrade right away. 
And if you haven't yet discovered the ease and power of TransEra's 
HTBasic 4.0, you're in for a very pleasant surprise. 


So if you want to make a good showing with your next application 
design, get TransEra HTBasic 4.0. It's the best investment you 
can make. Call now for information. 


801-224-6550 


345 EAST 800 SOUTH.OREM, UTAH 84058 
TEL: 801-224-6550 FAX: 801-224-0355 
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CMOS room-temperature perfor- 
mance will peak as minimum circuit 
dimensions approach 100 nm. After 
that, the constant power constraint 
reverses the trend of greater perfor- 
mance with increasing density. An 
optimal supply voltage of about 0.8 V 
will be used to power the circuits, 
which are expected to deliver about 
2.5 times the performance of 0.5-um 
CMOS. Going beyond the 20-Mgate 
level per chip will force the supply 
voltage down to near 0.5 V, but gate 
delays might actually increase. As a 
result, any further system perfor- 
mance increases must be achieved 
through functional integration cou- 
pled with architectural as well as cir- 
cuit innovations. 

Fully depleted SOI CMOS may en- 
hance performance still further, as 
will the use of low temperatures. 
That will shift the performance bar- 
rier to a significantly smaller mini- 
mum feature size of 20 nm. Such cir- 
cuits could yield performance levels 
20-times those of 0.5-um CMOS. Oth- 
er innovations include using devices 
with multiple threshold-voltage lev- 
els to circumvent the subthreshold- 
leakage constraint, which permits 
the threshold voltage to scale with 
the supply voltage. 

When trying to form ultra-small 
gates, there’s also the challenge of 
forming extremely shallow source 
and drain regions. Experimenting 
with phosphorus source and drain 
junctions just 10-nm deep, designers 
at Toshiba Corp., Kawasaki, Japan, 
managed to diffuse the phosphorus 
from a phosphorus-silicate glass 
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3. A STACKED-CAPACITOR DRAM CELL, a 
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(PSG) film. Described in session 6, 
the shallow diffusion complements 
the 40-nm-wide (0.04-y.m) gates fabri- 
cated, yet normal MOSFET opera- 
tion at room temperature was still 
achieved. The researchers think 
these are the smallest room-temper- 
ature MOSFETs to date. 

Another presentation by IBM in 
the same session will describe 0.1- 
um gate MOSFETs operating with a 
1.5-V supply. The transistors employ 
dual n*/p* polysilicon gates and 35- 
A gate oxides. Resulting circuits 
yielded delays of just 22 ps/stage on 
an inverter-type ring oscillator, the 
fastest switching speed reported. 
Delays drop to 17 ps if the circuit’s 
supply level is raised to 2.5 V. To 
form such small-dimension devices, 


five electron-beam lithographic 


steps and eight optical mask levels 
were used. 

Researchers at AT&T Bell Labo- 
ratories, Holmdel, N.J. are also 
working on 0.1-~m devices, de- 
scribed in session 6 as well. Their cre- 
ation delivers ring-oscillator stage 
delays of 11.8 ps when the circuits 
are powered by a 2.5-V supply—yet 
another record-setting level for 
room-temperature operation on 
bulk-silicon substrates. To form the 
transistors, AT&T’s designers em- 
ploy vertical-doping-engineered 
structures to provide high cutoff fre- 
quencies and good subthreshold and 
drain characteristics. 

The structures also use high-ener- 
gy well implants to form retrograde 
well profiles to reduce junction ca- 
pacitance. To control drain-induced 





Cell plate 
(platinum) 


barrier lowering, the designers add- 
ed a lateral local doping structure in 
the channel region by using a shal- 
low implant. A deep implant is used 
to control bulk punch-through with- 
out increasing source-drain junction 
capacitance. 


NEW SMALL GATE SCHEMES 


New gate structures and process 
schemes for small-dimension gates, 
ranging from 0.15 to 0.25 wm, are ex- 
amined in sessions 34 and 36. One 
such example involves devices made 
on a 0.15-um CMOS process devel- 
oped by NEC Corp., Tokyo, Japan. 
Optimized for operation from a 1.9-V 
supply, the structures delivered 
switching speeds of about 27 ps. In 
NEC’s structures, a 5-nm gate oxide 
was employed along with shallow 
source/drain extensions, titanium- 
salicided (TiSi,) source/drain con- 
tacts, and area-restricted channel 
implants. 

Use of trench isolation demarcates 
a 0.2-u4m CMOS process developed 
by NTT’s LSI Laboratories, Atsugi, 
Japan. With the isolation afforded by 
the shallow trenches, NTT fabricat- 
ed clocked-inverter 1/16 frequency 
dividers that operate from 1.41 to 
6.08 GHz when powered by a2-V sup- 
ply. Larger-dimension circuits, fabri- 
cated with 0.3-um n-channel and 0.6- 
um p-channel MOSFETs, operated 
at 273 MHz with a 1-V supply and 
consumed just 3.25 pW. At 1.41 GHz 
and with a 2-V supply, power con- 
sumption is just 63.2 wW—the low- 
est power-frequency ratios reported 
to date. 





capacitance of more than 25 fF in an area just 0.72 im. The film consists of barium-strontium and titanium-oxide, and is sandwiched between 
two platinum plates (a). A capacitor-less DRAM cell, fabricated in the isolated silicon layer of a silicon-on-insulator substrate, was created by 
the University of California at Berkeley (b). The capacitor is actually formed in the silicon “body” region. To control the reads and writes, a 

single transistor site includes an n-channel Write MOSFET and a p-channel Read MOSFET. 
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PORTable Series™ is a trademark of MiniStor Periphals Corporation. 
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“When designing our ruggedized 
PORTable Series” of hard disk drives, 

we needed to deliver high-performance 
features in a compact, efficient package... 
and we looked for the same capability in 
our suppliers. 


Zilog’s solution included not only the 
microprocessor and DSP, but data 
acquisition in a single chip. It’s highly 
integrated design, with features like 
single-cycle multiply/accumulate within 
the DSP meant we didn't have to sacrifice 
functionality for size. And we saved 
money, too, thanks to a lowered overall 


component count.” 
Lie 


Jim Miller, 
President and C.E.O. 
- MiniStor Peripherals Corporation 





Contact your nearest Zilog sales office or 
authorized distributor for more information. 
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Memory circuits are 
prime beneficiaries of the 
improved processes and fin- 
er-line lithography. In ses- 
sion 26, several papers ex- 
amine trench and stacked- | 
cellstructures that may find | | 
their way into future 256- | | 
Mbit and 1-Gbit DRAMs. | | 
These cells, some based on 
trenches, are based on 0.25- 
wm lithographic ground 
rules and will occupy areas 
as small as 0.605 um?. Sucha 
cell, described by the joint 
research team of IBM Corp., 
Hopewell Junction, N.Y.; Siemens 
AG, Munich, Germany; and Toshiba 
Corp. is about 25% smaller than a 
conventional trench cell. It employs 
a self-aligned buried strap. 

The strap (a trench-to-device con- 
nection) is defined by the intersec- 
tion of the deep trench storage node 
and the shallow trench isolation. The 
isolation helps keep the array leak- 
age to less than 0.1 fA/cell with a 
supply voltage of 2.5 V. That low 
leakage value would allow charge re- 
tention times of several seconds. 

Going above the substrate, a sim- 
ple stacked-capacitor cell developed 
by Mitsubishi Electric Corp.’s ULSI 
laboratories (located in Hyogo, Ja- 
pan) employs a high-dielectric-con- 
stant film to provide a capacitance of 
more than 25 fF in a cell size of just 
0.72 um? (Fig. 3a). The capacitor fea- 
tures a planar structure with an 
equivalent silicon-dioxide (SiO,) 
thickness of 0.5 nm, achieved by us- 
ing a barium-strontium titanium-ox- 
ide (BSTO) film, platinum cell plates, 
and storage node contacts. Mitsubi- 
shi expects such a cell to be usable in 
296-Mbit-generation DRAMs. 

In another paper, Toshiba will dis- 
close some of the cell details of its 
NAND-based DRAM described at 
this past February’s International 
Solid State Circuits Conference. Ac- 
cording to Toshiba, the NAND-type 
cell topology could serve for both 
256-Mbit and 1-Gbit generations of 
DRAMs. That’s because it simplifies 
the interconnection structures on 
the chip, permitting a more compact 
circuit layout. 

Any space occupied by the storage 
element, though, replicated 256 mil- 
lion or more times, will consume a 
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n epitaxial material 


n* subcollector 





heterojunction bipolar transistor, developed by IBM, 


a. THIS N ON-SELF-ALIGNED silicon-germanium 
achieves an f, of 113 GHz and a BV, product of 48,400 V. 


considerable amount of chip area. A 
novel scheme, to be described in ses- 
sion 26 by researchers at the Univer- 
sity of California at Berkeley, elimi- 
nates the capacitor storage element 
by implementing the DRAM on an 
SOI substrate. The capacitor-less 
DRAM, which possesses a large read 
current, uses the floating body of the 
SOI region below the gate for charge 
storage (Fig. 3b). 

A write n-channel MOSFET and a 
read p-channel MOSFET are inte- 
grated into the dimensions of a sin- 
gle transistor, further saving chip 
area. The cell operation includes 
Purge/Write and Read cycles that 
use a combination of four voltage 
levels to control memory operation. 
Capacitor-less cells can be laid out in 
two-dimensional contactless arrays, 
resulting in the achievement of very 
high memory densities. 

SOI technology also plays an im- 
portant role in future-generation 
SRAMs, which all seem to be moving 
to 3D storage cells with p-channel 
thin-film transistor (TFT) loads 
above the substrate. For instance, a 
novel toroidal TFT structure will be 
unveiled by Motorola Inc., Austin, 
Texas, in session 33. The structure 
was fabricated using a modified biC- 
MOS process with which the compa- 
ny is currently tuning for 16-Mbit 
SRAMs. The toroidal-shaped TFTs 
have an on-off ratio of 2 X 104 at 2.5 V 
and greater than 10° at 3.3 V. 

A symmetrical memory cell opti- 
mized for 64-Mbit SRAMs will be de- 
tailed in the same session by re- 
searchers from Sony Corp.’s ULSI 
laboratories, Kanagawa, Japan. The 
TFT-based cell has on-off ratios as 
high at 10’ at 2.5 V. Such high on-off 
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ratios translate into low 
leakage currents—just 2.5 
fA/cell—resulting in a 
standby current of just 200 
nA in a 64-Mbit SRAM. The 
symmetrical cell starts at 
the bottom gate of the TFT, 
which is formed with the 
second and third polysilicon 
layers, while the fourth and 
fifth polysilicon layers are 
ground plates that form a 
capacitor to improve soft-er- 
ror immunity. Yet addition- 
al SRAM cell ideas will be 
presented by Hitachi Ltd., 
Tokyo, and IBM Corp., Yorktown 
Heights, N.Y. 


SIGE GoES ANALOG 

Improvements in analog process- 
es also stand out at the IEDM, evi- 
dent by a pair of presentations in ses- 
sion 4 by teams from IBM’s Re- 
search Division in Yorktown 
Heights. They developed a silicon- 
germanium (SiGe) 2-V heterojunc- 
tion-bipolar-transistor (HBT) pro- 
cess sporting devices that combine 
f,s reaching over 100 GHz with a 
beta-Early-voltage product (BV,) of 
over 48,000—a product usually asso- 
ciated with 20-year-old, 40-V, 600- 
MHz standard bipolar processes. It 
turns out that adding the germani- 
um not only raises the f,, but raises 
the BV, as well. 

In the first presentation, a team 
fabricated five different SiGe-tran- 
sistor structures and two different 
silicon-transistor structures. Team 
members included researchers from 
IBM; Analog Devices, Wilmington 
Mass.; and Auburn University in Al- 
abama. The process they used and its 
derivatives will eventually launch a 
new generation of silicon analog as 
well as RF ICs. 

Whereas their optimum SiGe de- 
vice had an f, of 46 GHz, a BV, of 
6160 V, and a BV,,,, of 3.5 V, similar 
values for the optimum silicon-only 
device ran 31 GHz, 1176 V, and4V.A 
12-bit, 1-GHz digital-to-analog con- 
verter (DAC) requiring only 1 W was 
designed and fabricated on this pro- 
cess with SiGe HBTs. 

In the second presentation, team 
members describe how they opti- 
mized SiGe and silicon HBTs, but in 
this case they vary the amount of 
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What's the right way to conform to RS-232 standards in your 3.3-V designs? 





TI's SN75LV4735. A complete serial port on a single chip. 


From laptop to palmtop and beyond, 
Texas Instruments now brings you a 


single-chip serial port for 3.3-V systems. 


With full conformance to EIA-232, your 
battery-powered portable equipment 
will easily reach the next generation of 
compatible communication. 

This low-voltage device inte- 
grates three drivers, five receivers 
and a charge pump, handling a range 
of peripherals with a single chip. 

A single chip that fully conforms to 
EJA-232 voltage levels. 

Inherent in the ’LV47385 are key 

benefits of TI’s LinBiCMOS™ tech- 


SN75LV4735: The Reasons Why 
Full EIA-232-D compliance 


Built-in latchup immunity 
Lowest standby current: 10 pA 
3 drivers/5 receivers; on-board 
charge pump 

6-kV ESD protection 

3.0- to 3.6-V operation 

28-pin SSOP packaging 





nology. You'll find 6 kV of ESD pro- 
tection, latchup immunity to 7 V 

on the logic inputs and the lowest 
available standby current, 10 pA. 


TT’s flow-through architecture 
simplifies routing. It offers you a 
complete integrated solution in one 
28-pin shrink small-outline package 
(SSOP). A solution that delivers up 
to 60-percent reduction in board 
size compared with standard SO 
packaging. 

So if you're ready for a 3.3-V 
solution that will gear your design to 
longer battery life, just return the reply 
card. Or fax TI at 886-2-377-1460. 
We'll send you a data sheet to get you 
on your way to the next generation of 
battery-powered designs. 


me ee IPN GY OUR OR EA Cae ee a TOTAL INTEGRATION” 


wi TEXAS 
INSTRUMENTS 


Australia & New Zealand: Sydney, 61-2-878 -9000, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-4446; Elizabeth, 61-8-255 -2066, fax 61-8-255-2809. 
Hong Kong: 852-737-0338, fax 852-735-4954. Korea: 82-2-551-2800, fax 82-2-551-2828. Malaysia: 60-3-230-6001, fax 60-3-230-6605. 
People’s Republic of China: 86 -1-500 -2255, ext. 3750, fax 86-1-500-2705. Philippines: 63 -2-817-6031, fax 63-2-817-6096. 
Singapore (& India, Indonesia, Thailand): 65-350 -8100, fax 65-253-6655. Taiwan: 886 -2-713-9311, fax 886-2-716-9487. 


© 1993 TI 
™ Trademark of Texas Instruments Incorporated 
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Imagine A Microprocessor 
That Makes Windows NT Fly. 


That's Alpha AXP. 
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with the mainframe power of Windows NT.” Don’t 
compromise it. Run it on the fastest vehicle you can 
get—an Alpha AXP™ microprocessor. Choose from a 
family of fast server microprocessors with performance 
ism ale] alr- (sim AO Me) od Oil alemagle)a-Mial-lamaV(ercmiat-1me)i 
Pentium™ or PowerPC'™—and priced to compete. Or 





















choose from low-cost desktop PC microprocessors with 
prices that start below an i486." Alpha AXP runs 
Windows NT with thundering 
speed, as well as your 
existing DOS/Windows™ 
applications. And that’ just 
ligi=¥e\—elialalialene)m-mle)ale m= 80 


PowerPC 601-80. 





architecture based ona 
scalable RISC design and standards like the PCI local 
. bus. Available to any PC maker— from us now, 
and in 1994 from our second source Mitsubishi 
Electric Corp. The decision with Windows NT is 
simple. On other microprocessors, it runs. 
On Alpha AXP it flies. Which way would 
you rather cover new ground? Call your 
a Oma nts |,¢-)ar- lao m= \<),@r-lelol0] mial-Wa\l e) are! 
AXP family. Or call us at 1-800-332-2717— 
and kick start your future. 
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from Texas Instruments. 


germanium added to the base (Fg. 
4). Their all-silicon device achieved 
an f, of 73 GHz, but BV, was a low 
630 V, and BV,,,,. was 1.8 V. Devices 
with close to 25% germanium at the 
base-collector junction achieved an f, 
of 113 GHz, a BV, of 48,400 V, anda 
BV ono Of 2.1 V. 

Bellcore, Red Bank, N.J., achieved 
an even higher f, of 175 GHz and a 
BV ogo Of 7.6 in an HBT (described in 
session 32). But this device was made 
from III/V materials that included 
InP and InGaAs. 

Session 28 on high-voltage power- 
devices includes a discussion on the 
development of a 4500-V insulated- 
gate bipolar transistor (IGBT) that 
has thyristor-like performance. The 
IGBT was developed by a team from 
Toshiba Corp. Described in the same 
session is a power Schottky diode 
that cuts forward-voltage drop via 
trenched MOS technology. The diode 
was created by a team from North 
Carolina State University, Raleigh. 


MIRROR, MIRROR... 


On a somewhat different track, a 
TI presentation in session 15 reports 
on the status of TI’s Digital Micro- 
mirror Device (DMD), potentially 
the successor to today’s rear-projec- 
tion large-screen TV systems. Con- 
sisting of an array of digitally con- 
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5. MOVABLE MIRRORS integrated over an SRAM 


form the imaging heart of a projection-TV system suitable 
for digital high-definition TV. The projection system comes 
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trolled, integrated, 
movable mirrors, it of- 
fers image quality sig- 
nificantly superior to 
that available from to- 
day’s projection-TV 
systems (Fig. 5). TI 
built a 52-in. (diagonal) 
projected image dis- 
play that reflects off a 
0.51-by-0.39-in. (768- 
by-576-pixel) array of 
rotatable aluminum 
mirrors. The mirrors 
are integrated over a 
conventional SRAM 
chip built on a 0.8-um 
twin-well CMOS pro- 
cess. SRAM chips are 
used because they’re 
immune to photo up- 
sets caused by light 
leakage into the ad- 
dress circuitry. The 
mirrors measure 16 
wm across and are re- 
peated on 17-um centers. The DMD 
provides a 100:1 contrast ratio, per- 
formance competitive with the CRTs 
that are currently preferred for pro- 
jection TVs. 

The DMD is a reflective, spatial- 
light modulator. Each SRAM cell 
controls the state of rotation of its 
overlying mirror. A logic one in the 
memory cell rotates the mirror +10° 
while a logic zero rotates it -10°. A 
dark-field optical projection system 
converts the 10° mirror rotations 
into optical on or off states. Because 
the mirrors’ states can be switched in 
just 10 ps, pulse-width modulation 
(an analog technique) readily han- 
dles gray scale. 

Three major features distinguish 
the DMD from other projection-TV 
technologies. First, the DMD pro- 
vides the only all-digital solution for 
digital high-definition projection 
TVs, because the mirrors are con- 
trolled digitally by the SRAM. In 
conventional approaches, analog sig- 
nals control CRTs and LCDs. And in 
digital systems, the digital data must 
be returned to the analog domain. 
Second, the DMD uses light more ef- 
ficiently when compared to an LCD. 
Just one DMD and a rotating color 
wheel (shades of the original RCA 
proposal for compatible color TV for- 
ty years ago) achieves brightness 
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parity with projection TVs based on 
three-tube-CRT and three-chip-LCD 
systems. The color wheel is located 
in the path of the light that’s reflect- 
ed off the SRAM-mirror chip. Final- 
ly, the DMD has the potential to be- 
come the lowest-cost projection-TV 
system. That’s because the DMD is 
fabricated monolithically over a ma- 
ture CMOS SRAM technology using 
conventional multilevel metalliza- 
tion techniques. 

One interesting IEDM presenta- 
tion is a silicon infrared (IR) focal- 
plane micromachined bolometer ar- 
ray developed by Honeywell, Bloo- 
mington, Minn., described in session 
8. The device reportedly drops night- 
vision systems into a price range the 
consumer can afford (see ‘““Microma- 
chined microbolometers may lead 
to low-cost infrared night-vision 
systems, ’’ p. 40). 


NUCLEAR ALCHEMY 


In terms of technology proposals, 
the most exciting presentation 
comes from the vacuum electronics 
arena (session 7). A team of re- 
searchers from the Los Alamos Na- 
tional Laboratory, Los Alamos, New 
Mexico, proposes to build an RF ac- 
celerator that will bombard long- 
lived nuclear waste, dropping the 
waste’s half-life to about 30 years. 
The accelerator will require kly- 
strons similar to those used in to- 
day’s accelerator/colliders, but with 
unheard-of power and reliability lev- 
els. The proposed accelerator ma- 
chine will need a total of 255 MW of 
RF power, 8.5 MW at 352 MHz and 
the remainder at 700 MHz. As of 


now, the highest-powered electron- 


positron collider rings, such as Tris- 
tan at KEK in Japan, develop 30 MW 
of RF power at 500 MHz while the 
LEP ring at CERN in Geneva will 
have 82 MW of RF power by 1995. 
Similar RF-generation technology 
can also be used in proton accelera- 
tors to produce the tritium required 
for nuclear weapons, effectively 
eliminating the need for breeder re- 
actors.L] 
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How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 
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Go ahead. Challenge us. Give us your impossible electronic and mechanical requirements. And we’ll 
get to work. As pioneers in microminiature interconnect technology, we’re continually developing and 
testing new materials, configurations, and manufacturing techniques to provide complete interconnect 
systems for smaller and more precise electronic equipment. We’re using conductors as small as 44 AWG. 
High-speed coaxes with up to 93% velocity of propagation. Terminations to standard industry con- 


nectors or to specially designed custom connectors, including one that allows 





conductors to be terminated at a density of over 500 contacts per square inch. 


And terminations on flex circuits with center line spacing smaller than 0.025." PRECISION 
That’s today. Tomorrow? Tell us what’s on your mind. an AMP company 
Precision Interconnect, 16640 S.W. 72nd Avenue, ‘ » Portland, OR 97224 (S03)620-9400. Sales offices across the U.S. and in Europe and Japan. 
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Microelectronics, Bigger Is Better. 


When you're wrestling to find space for a hybrid on 
a packed board, you want the smallest, lightest product 
you can find. 
But when Bae re sens for small, lightweight 
hybrids in large quantities, 
you need the capabilities of 
a big, powerful company. 
A company that can handle 
Raytheon currently proaeess < over 
400,000 high-reliability hybri 
| \\ assemblies a year, including MCMs, 
ANwaae’ as well as MIBs (Multilayer Inter- 
| \\ “\ connect Boards, SEM-A through E). 
high- reliability and high-volume at the same time. 
Raytheon is the largest manufacturer of high- 
reliability hybrids in the world. Our fully-integrated, 


MIL-STD-1772 certified facility is dedicated to the desi i 


production and testing of hybrid microelectronics, an 
includes more than 130,000 square feet devoted to fully 
automated manufacturing, with more than 75% better 
than Class 100,000. 
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We use high-precision robotic assembly, automated 
100% wire bond pull testing, automatic parametric test- 
ing, and automatic vision systems for 100% inspection. 
As a result, we can handle high-volume production of 
hybrids that meets virtually any system requirements. 
We could even double our hybrid production, without 
sacrificing quality or reliability. 

When it comes to hybrids themselves, small is beau- 
tiful. But when you're selecting a company you can rely 
on to supply you with those miniature hybrids and still 
maintain high-reliability at high-volume, bigger is defi- 
nitely better. 

To learn more about our high-reliability hybrids, call or 
write for technical support and applications assistance. 
Raytheon Company, Quincy Operations Division, 

465 Centre Street, Quincy, MA 02169. (617) 984-4104. 
FAX: (617) 984-4199. 


Raytheon 
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COVER FEATURE 


CHIP TRIO EMBODIES ALL OF THE CONTROL, 
DATA-PUMP, AND HYBRID FUNCTIONS F'OR 
A V.22BIS DATA AND V.29 FAx MODEM. 





FEATURE-RICH CHIP SET 


POWERS DATA-FAX MODEM 


MILT LEONARD 


esigners of top-of-the-line 
data/fax modems have a 
number of ICs available to 
create high-performance ma- 
chines that meet stringent in- 
ternational standards. However, if the design 
is cost-sensitive and space-constrained, such 
a task can be quite challenging for two rea- 
sons: A large number of expensive ICs are 
generally needed to do the job, and a large 
amount of memory is required to store quali- 
ty speech. 

To simplify this job, Silicon Systems Inc. 
came up with a data/fax chip set that makes 
possible cost-effective designs of data/fax 
modem systems incorporating answering- 
machine functions, sound-board capability, 
and voice-annotated faxes. The 78D2950T 
chip set can be used to create a 2400-bit/s 
send-and-receive modem, as well as a 9600- 
bit/s send-and-receive fax. The modem meets 
the V.22bis standard for data speed and the 
V.42bis/MNP-5 standard for data and error 
compression. The fax complies with the V.29 
speed standard. 

Using the TrueSpeech audio-compression 
algorithm developed by DSP Telecom Inc., 
San Jose, Calif., the chip set applies a 20:1 
compression ratio to a 1-minute voice file for 
fitting into a storage space of only 60 kbytes, 
compared to 940 kbytes needed with other au- 
dio-compression algorithms. A 25-minute au- 
dio file can be stored on a single 3.5-in. floppy 
disk. This enables audio files to be embedded 
in the middle of data files for modem or fax 
transmission. 

The 73D2950T consists of three chips: the 
73D2910 microcontroller, the 73D2920 digi- 
tal-signal processor (DSP) chip, and the 
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nalog front-end line-interface cir- 
cuit (AFELIC). Fabricated with a low-power 
CMOS process for 3.3- and 5-V operation, the 
three chips make up a data/fax modem that 
features total power consumption of under 
150 mW from the host, including external 
RAM, ROM, and data-access-arrangement 
(DAA) components. 

Based on the standard 80C82 microcon- 
troller, the 73D2910 is a custom controller 
containing 256 bytes of internal RAM, six and 
two custom standard interrupt sources, three 
DES 16 NE 
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Serial 
EEPROM 


RS-232 driver, 
universal 
asynchronous 
receiver/ 
transmitter, 
or PCMCIA 
card 


Data- 
terminal 
equipment 
(DTE) 
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DATA/FAX-MODEM CHIP SET 


7302910 
microcontroller 


Receive data + 
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7302930 
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front-end 
line- 
interface 
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Line 
interface 





SEVERAL ISOLATION TECHNIQUES protect the 73D2910 microcontroller and 73D2920 data pump from high-voltage 


transients on the telephone line. These include optocouplers between the microcontroller and the 73D2930 analog front-end line-interface 


circuit (AFELIC), capacitive coupling between the data pump and the AFELIC, and a high-voltage analog optical switch in the AFELIC output. 
A patented capacitor circuit in the AFELIC output replaces the transformer used in a conventional data-access arrangement. 


timers, an HLDC (high-speed data- 
link controller) packetizer, and a seri- 
al port that supports in-band (XON/ 
XOFF) or out-of-band (CTS/RTS) 
data-flow control. The port, which in- 
cludes a serial CMOS level-inverted 
EIA-232/V.24-compatible interface, 
connects to the host data termina! or 
computer and features autobaud ca- 
pability from 300 bits/s to 19.2 kbits/ 
s. Users may optionally interface the 
port to the host through EIA-232/ 
V.24 drivers, a universal asynchro- 
nous receiver/transmitter (UART), 
or a PCMCIA card (see the figure). 

The controller also interfaces with 
three types of external memory: a 32- 
kword-by-8-bit buffer SRAM for all 
data and fax modes, a 128-kword-by 
8-bit program ROM, and an optional 
4-kword-by-1-bit serial EEPROM to 
store configuration parameters and 
telephone numbers. Controller I/O 
pins are included for software con- 
trol of optional LED indicators. The 
pins also allow a DIP switch to set up 
a “dumb” mode that disables fax- 
machine operation. 

An automatic power-down mode 
through a watchdog timer places the 
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chip set in an idle mode. The modem 
will also accept a request to power 
down from the host data-terminal 
equipment. Command and configu- 
ration of the modem is provided by 
an AT command interpreter that’s 
Hayes-compatible. 


DAtTA-PUMP FUNCTIONS 
_ The microcontroller communi- 
eates with the 78D2920 DSP chip 
through an 8-bit data bus, as well as 
control lines. The DSP chip performs 
the bulk of the signal-processing op- 
erations and supports several signal- 
modulation schemes. 

Microcontroller firmware pro- 
vides access to the DSP circuit 
through memory-mapped registers 
to control functions like modulation 
and speed. The controller can also 
upload and download DSP data 
memory to handle such areas as the 
transmission level and single- and 
dual-tone generation. The controller 
ean also handle the bandwidth for 
call-progress detection. 

The 73D2920’s interface register 
set includes a register that defines 
the handshake procedures allowed 
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during the connection phase of a 
communications session. When ne- 
gotiating a connection, the modem 
attempts to connect at the highest 
speed (V.22bis) first, but will fall 
back to lower speeds until a connec- 
tion is secured. 

For quad amplitude modulation 
(QAM), the chip encodes incoming 
data into quad bits represented by 16 
possible signal points with specific 
phase and amplitude levels. The 
baseband signal is then filtered to re- 
duce intersymbol interference on the 
band-limited telephone network. A 
modulator transmits this encoded 
data using either a 1200-Hz (origi- 
nate mode) or a 2400-Hz (answer 
mode) carrier. The procedure is re- 
versed using a demodulator, which 
also recovers the data clock from the 
incoming signal. Adaptive equaliza- 
tion compensates for varying line 
conditions by automatically chang- 
ing filter parameters. 


DSP MODULATION 

In the differential phase-shift-key- 
ing (DPSK) mode, the DSP chip mod- 
ulates a serial bit stream into di-bit 
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VIEWLOGIC 
PRO SERIES 


e world’s most powerful 
-based design tools 
starting from 


$1,995 








PROsim™ 


28-state, high-performance timing 
simulation. $4,995 


PROcapture™ 
EDN Reader's Choice Survey rated Viewlogic 
tools as the best schematic entry solution. $1,995 





PROvhdl"/PROsynthesis™ 
VHDL, simulation and synthesis for FPGA 
and CPLD design. From $1,995 


VIEWlogic 





PROanalog™ PROdeveloper"/PROchip™ 
Windows-based analog design and SPICE For complete PLD, FPGA and systems design 
simulation. From $2,995 including design entry, verification and place 

and route. From $9,995 


© 1993 Viewlogic Systems, Inc. All trademarks and registered trademarks are the property of their respective owners. 
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WE HAVE A VERY SERIOUS IMAGE PROBLEM. 
TOO MANY OF YOU KNOW WHO WE ARE. 







Recently, people like yourself were asked 
to list the ASIC vendors they know of, and then 
jot down a few things about them. 

In somewhat of a surprise, one company 
was mentioned just about as often as its consid- 
erably larger competition. 

Little old AMI. 

However, every silver lining has a cloud. 
Because “little and old,” it turns out, is precisely 
how many of you described us. 

And because of that, 
a step behind. 
Now, “little” we can take. 
(After all, we’re by no means 
the biggest 
ASIC vendor.) 
And “old,” 
well, in 
an industry 
where corpor- 
ate life spans 
are common- 
ly measured 
in terms of 
months, 
AMI’s 27 years 
can seem, well, 
rather antiquated. 

But a step behind! 

Now that’s an image problem we're going 
to take issue with right here and now. 

Fact is our 0.8 micron technology is about 
the fastest you'll find, and it’s characterized all 
the way down to 2.5 volts. What’s more, we 
build digital gate arrays and standard cell ICs 


Though we're a long way 
JSrom the Silicon Valley, 
blueprints for our digital 
and mixed-signal ASICs 
are readily available. 
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We’re one of the 
Sew companies to 
round up one library 
Sor both gate arrays 
and standard cell ICs. 





that are without equal, 

and we’re one of the 
few companies that 
conveniently features 

one library for both. 
In addition to digital ASICs, 

AMI also carries mixed-signal ASICs and standard 
products, plus our very own software for FPGA 
to ASIC conversion and mixed-signal design. 

And finally, thanks to the services we offer 
and the uniquely personal way we do business, 
this “old-growth ASIC vendor,” as one of you 
so kindly put it, has the most loyal customers 
in the industry. 

Now we understand that all this may come 
as a big surprise. So to help you over your shock, 
we've prepared some 
materials just loaded with 
information on AMI. 

The real AMI. 

To learn more, 
give us a call at 
(208) 2354-6789. 


We're counting 

on our 0.8 micron 
ASIC process to leave 
a lasting impression. 








© American Microsystems, Inc. 
SEMICONDUCTORS 2300 Buckskin Road, Pocatello, ID 83201 
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MERE 
DATA/FAX-MODEM CHIP SET 


pairs that are represented by four 
possible phase shifts, as prescribed 
by the Bell 212A/V.22 standards. Af- 
ter filtering, the baseband signal is 
transmitted on either a 1200- or 2400- 
Hz carrier. Demodulation decodes 
an incoming analog signal into di- 
bits, converts it into a serial bit 
stream, and recovers the clock, 
which was encoded into the analog 
signal during modulation. Demodu- 
lation also uses either a 1200-Hz car- 
rier (answer mode or originate ana- 
log-loopback mode) or a 2400-Hz car- 
rier (originate mode or analog-loop- 
back answer mode). Adaptive 
equalization is likewise used in 
DPSK modes. 

Frequency-shift-keyed (FSK) 
modulation produces a frequency- 
modulated analog signal that em- 
ploys two discrete frequencies to 
represent binary data. The Bell 103 
standard frequencies used are 1270 
and 1070 Hz (originate mark and 
space) and 2225 and 2025 Hz (answer 
mark and space). The V.21 mode uti- 
lizes frequencies of 980 and 1180 Hz 
(answer mark and space) or 1650 and 
1850 Hz (originate mark and space). 
Demodulation detects the received 
frequencies and converts them into 
the appropriate values. A rate con- 
verter circuit and a scrambler/de- 
scrambler circuit are automatically 
bypassed in the FSK modes. 

The modem’s asynchronous mode 
is used for communication with asyn- 
chronous terminals at data rates of 
600, 1200, or 2400 bits/s. When trans- 
mitting in this mode, the serial data 
to the data pump passes through a 
rate converter that inserts or deletes 
stop bits. The signal then goes to a 
data scrambler and an analog modu- 
lator for quad-bit/di-bit encoding. 
Rate conversion and scrambling can 
be bypassed for handshaking and 
synchronous operations. Received 
data is processed in a similar man- 
ner, except that the rate converter 
now reinserts any deleted stop bits. 
Both the rate-converter as well as 
the data-descramble circuit are auto- 
matically bypassed in the FSK 
modes. 

Synchronous operation is possible 
only in the QAM and DPSK modes. 
Operation is similar to that of the 
asynchronous mode except that data 
must be synchronized to a clock. No 
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variation in the data-transfer rate is 
allowed. The DSP chip also includes 
a dual-tone, multiple-frequency 
(DTMF) generator that produces 16 
standard tone pairs. 


TELEPHONE NETWORK 

By using a patented capacitor- 
based circuit, the 73D2930 AFELIC 
implements the interface to the pub- 
lic switched telephone network 
(PSTN) without employing an isola- 
tion transformer. The chip incorpo- 
rates all of the necessary off-hook 
line-conditioning functions for con- 
necting the modem to domestic and 
international PSTNs. Also provided 
on the AFELIC chip are a set of on- 
hook functions, including ring detec- 
tion, loop-current-reversal detection, 
current sensing, and parallel-pickup 
detection. 

The AFELIC, which typically 
floats on the high-voltage side of the 
telephone line, operates on power 
supplied by the PSTN. Control sig- 
nals between the microcontroller 
and AFELIC are electrically isolated 
by standard optical isolators. Data 
bit streams between the data pump 
and AFELIC are modulated over a 
capacitively coupled interface. 
These attributes make the chip set 
suitable for compact, low-power ap- 
plications, such as portable comput- 
ers, PCMCIA cards, and other small 
battery-powered equipment. 

Other AFELIC features include 
programmable de current and volt- 
age characteristics, programmable 
active-termination impedance, 2-to- 


4-wire hybrid conversion, and pro-. 


grammable pulse-dial “make” resis- 
tance. An integral partial-billing 
tone filter further minimizes modem 
parts count.L) 


PRICE AND AVAILABILITY 
Pricing for the 72D2950T data-fax chip set 
will be $32.50 each in OEM quantities. 
Without TrueSpeech, it will go for $25.00. 
Samples will be avatlablein January 1994, 
with production quantities scheduled for 
late in the first quarter. 

Silicon Systems, Inc., 14251 Myford FRd., 
Tustin, CA 92680-7022; Ed Lare, (714) 573- 
6000. CIRCLE 526 


How VALUABLE? CIRCLE 
HIGHLY 550 


MODERATELY 551 
SLIGHTLY 552 
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SITTING 
ON A TAX 
WRITE-OFF? 


Turn your excess 
inventory into a 
tax break and help 
send needy kids 
to college. 


Call for your free guide 
to learn how donating 
your slow moving 
inventory can mean a 
generous tax write off 
for your company. 


Call (708) 690-0010 


AS 





P. O. Box 3021 
Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today 
....student opportunity 
tomorrow 
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[Time They Swear 





eir Physical Design Tools 





Can Perform Miracles 
Make Them Swear On This. 
































You've heard it all before. Integrated EDA tools 
that magically give you finished back end design. 
True performance-driven layouts with your eyes 
closed. Complex submicron ASICs out the door 
in no time flat. 

Dig a little deeper and you'll find that most of 
these claims simply won't stand up in court. And 
after paying a high price in multiple iterations, NRE 
and scrambled schedules, you'll be ready to swear 
an oath of your own. 

Here's the whole truth and nothing but the truth: 
Only Epoch™ gives you true High Level Physical 
Design." It’s a unique, standards based system that’s 
having the same impact on back end design that 
synthesis is having on the front end. It fully supports 
VHDL and Verilog, and it’s compatible with other 
popular design environments. 

Epoch is a seamless, completely automated solu- 
tion. As you work top down, it produces bottom-up 
physical design. With all the performance and 
accuracy you need, even for complex layouts below 
.) micron. And about ten times faster than anything 
you've seen before. Just think about what that can 
do to your time-to-market (or maybe even your 
next review). 

Now if you're still a little skeptical, we understand. 
All we ask is a chance to present our case. Call us 


at 800-258-8574 (Department M4) for a brochure. 
Then you can judge for yourself. 





ESDA TOOLS 





Courtesy: Mentor Graphics Corp. 





ESDA Boosts CAE 


TECHNOLOGY [0 
HIGHER LEVELS 
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lectronic system design auto- 
mation (ESDA), a term that 
describes the automation of 
the design cycle’s conceptual 
front end, promises engineer- 
ing teams a new level of pro- 
ductivity. Theoretically, com- 
bining ESDA with existing 
lower-level design-automa- 
tion capabilities will allow engineers 
to create a product on their computer 
without ever touching paper and 
pencil. But exactly what does ESDA 
consist of: Is it a new set of tools? Is 
is a new methodology? Or is it, in 
fact, not new atall? 

Regardless of how you define 
ESDA, there’s no mistaking that 
automation technology is creeping 
forward in the design cycle. Until re- 
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A NEW CLASS OF 
SYSTEM-LEVEL 
TOOLS PROMISES 
To AUTOMATE 
THE FRONT END | 
OF DESIGN. 


cently, design tools have basically 
helped engineers with the logical and 
physical levels of hardware design, 
and not addressed the early phase of 
the product-development cycle. 
However, a collection of tool intro- 
ductions during the past year could 
be described as automating the front 
end of the design cycle (see “How to 
spot a system-level design tool,” p. 
66). These types of tools let design- 
ers explore options and trade-offs 
before a design is committed to hard- 
ware, software, or a combination of 
both. But rather than debate termi- 
nology, take a look at these tools and 
judge for yourself (see the table). 
Design-entry methods, hardware- 
software co-design and partitioning, 
and the ability to simulate and ana- 
lyze asystem design are three impor- 
tant factors for today’s ESDA envi- 
ronments. In addition to analysis ca- 
pabilities, criteria such as design op- 
timization, hardware-description- 
language (HDL) generation, and 
user interface make a significant im- 
pact on the productivity that an 


ESDA tool ean offer. Also, how the 


ESDA tool links to downstream im- 
plementation tools can affect the 
usefulness of the tool’s results. For 
example, ESDA environments have 
limited usefulness if the product 
specification, partitioning, and im- 
plementation data can’t be trans- 
ferred to lower-level tools. 

First off, these tools supply the 
user with a variety of design-entry 
methods. Design entry is an impor- 
tant part of an ESDA tool. That’s be- 
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cause at the system level, engineers 
need to play with concepts, which 
could be difficult or easy depending 
on how the system is described. The 
entry method should be intuitive so 
that engineers can work as they 
think (see “The marriage of graphi- 
caland textual design,’ p. 70). 

Graphical-entry methods include 
truth tables, state charts, and block 
diagrams. On the textual side, 
there’s the VHDL and Verilog hard- 
ware description languages. In addi- 
tion, some tools have options like 
spreadsheet-like input mechanisms. 

The ExpressV-HDL tool from i- 
Logix provides users with graphical 
views that capture the architecture, 
functional partitioning, and func- 
tional behavior of designs (Fig. 1). 
For example, users can describe the 
behavior of a particular block within 
a design hierarchy with a “‘state- 
chart,” a datapath description, or a 
combination of statecharts and asyn- 
chronous assignments for combina- 
torial logic. Statecharts are created 
with the company’s graphical lan- 
guage, which adds extensions to tra- 
ditional state machines for describ- 
ing complex behavior. These exten- 
sions include a method of describing 
state hierarchy and transitions be- 
tween specific states throughout the 
hierarchy. 

Design entry in SES/workbench 
from Scientific and Engineering 
Software is also done graphically. 
Engineers model system behavior 
with a graphical editor that places 
components in directed graphs 
(meaning that transactions travel in 
only one direction on a path). Compo- 
nents can be encapsulated within 
submodels to form higher-level com- 
ponents, resulting in unlimited levels 
of hierarchical design. The behavior 
of each component is specified with 
pop-up forms that prompt for all nec- 
essary data. 

Transcend, an ESDA environment 
developed by TD Technologies, uses 
hierarchical, graphical-design entry 
to model a system at the highest lev- 
el. A Transcend model is a network 
of nodes where tokens flow. Tokens 
can represent data, signals, and sys- 
tem tasks, among other elements. 
Nodes modify the state of these to- 
kens and control their information 
flow by operating on them, storing 
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1. USERS OF THE EXPRESSV-HDL TOOL, developed by i-Logix, can 


represent systems with a variety of design-entry methods, such as statecharts (shown in 


upper left-hand window) and textual descriptions (shown in lower left-hand window). 


them, or routing them. Transcend 
also supports multiple levels of ab- 
straction so that users can incremen- 
tally refine the system model down 
to the structural level during design 
and partitioning. 

The DesignVision software creat- 
ed by Vista Technologies provides a 
completely graphical design-entry 
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2. A COMPUTER-SYSTEM MODEL in the 


mechanism for specifying designs at 
various abstraction levels, from RTL 
to system level. The system’s behav- 
ior is partitioned into concurrent, in- 
dependent sub-behaviors. Each sub- 
behavior is a sequence of events and 
reactions to events called threads, 
which are specified using graphical 
primitives. Another Vista tool called 





S/workbench environment 





consists of the memory and disk, represented as resources, and the CPU, which is denoted as 
a queue-based server. The graphs at the bottom of the screen plot the response times for the 


high-level system model. 
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‘Do you really want to make Vice President, Fenton? 
Get rid of this excess inventory...pronto.”’ 


CALL EAL IF YOUR CORPORATION HAS 
MATERIAL AVAILABLE FOR DONATION. 


EAL - Will take your donated material and use it to 
generate scholarships for needy, deserving 
students. 


EAL - Donations could mean an above cost tax 
deduction - IRS Reg. 170(E)(3) 


EAL - Scholarships are given in the donating 
corporation’s name. 


EAL - Leverages your gift to help participating colleges. 


e.\.. For More Details 
Call 708-690-0010 


Peter Roskam 


% 
¢ » Educational Assistance Ltd.s. Executive Director 
P.O. Box 3021 ¢ GLEN ELLYN, ILLINOIS 60138 
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Model Creator models state ma- 
chines and combinatorial function ta- 
bles with a spreadsheet paradigm. 

In the Mentor Graphics System 
Design Station and System Archi- 
tect, data-flow diagrams, state-tran- 
sition diagrams, and state matrices 
all provide graphical design creation 
and editing capabilities. These are 
supported by the VHDL template- 
driven editor for completion of de- 
tailed functionality. All are built ona 
central data model. A requirements 
editor supports the import of specifi- 
cation documents. 

By employing Visual HDL from 
See Technologies, users can capture 


simple acror 
lectroni 
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ideas and concepts with a compre- 
hensive set of languages, four of 
which are graphical and one textual. 
The graphical languages support 
block diagrams, flowcharts, state di- 
agrams, and truth tables. The tex- 
tual language is VHDL. 

Comdisco has three system-level 
design products. The Block Oriented 
Network Simulator (Bones) product 
accepts graphical-design entry, 
while System Design Architect 
(SDA) and Signal Processing Work- 
System (SPW) support both graphi- 
cal- and textual-design entry. 

Tools developed by Knowledge- 
Based Silicon (KBS) support control 
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and datapath descriptions that are 
entered as text, tables, and graphics 
representing state machines and 
register-transfer models of design 
components. Users can specify 
clocking schemes, memory architec- 
ture and behavior, hierarchy, con- 
currency, bidirectional busing, and 
waveform stimulus information as 
part of the design description. 

Finally, the design environment 
from Redwood Design Automation 
is one that doesn’t currently auto- 
mate graphical-design entry. It ac- 
cepts designs as HDL files. 

Because ESDA tools are aimed at 
automating the start of the design 
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cycle, they must accommodate the 
fact the engineering teams may not 
know whether a particular function 
will be implemented in hardware or 
software. It’s good, then, to explore 
the hardware-software co-design ca- 
pabilities of current products. 

For example, i-Logix’s Express V- 
HDLsoftware is a part of the compa- 
ny’s Statemate family of system-de- 
sign automation tools for both hard- 
ware and software development. 
The Statemate approach lets users 
represent and validate both hard- 
ware and software behavior togeth- 
er in one system-level model. The 
graphical languages are consistent 


Integration, however, is key to 
accomplishing this feat. For top- 
down hardware design, the out- 
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for both hardware and software de- 
sign, so behavioral descriptions can 
be routed into either a hardware or 
software design environment at any 
point in the process. By generating 
HDL code or software code from the 
graphical system depiction, users 
can determine how best to partition 
between the two. Even late in the 
process, after observing synthesis or 
compilation results, users can reallo- 
cate functions without recapturing a 
design in another environment. 

Similarly, modeling software with 
the SES/workbench product differs 
little from modeling hardware. The 
principal focus of the model is to rep- 
resent the system resources and how 
they’re used. Certain events in a sys- 
tem cause hardware to respond 
based on the status of other hard- 
ware. It’s equally applicable that 
software drive the events and occu- 
py the resources of a system. Soft- 
ware is modeled with its associated 
invocation time and system require- 
ments just like hardware. Because 
the models are similar, the interface 
between them is no more difficult 
than in a homogeneous model. In ad- 
dition, being a compiled model, SES/ 
workbench contains another benefit: 
Software that can be compiled witha 
C calling convention can be linked 
into or included in the workbench 
model as an integral component. 
This encourages code reuse, and per- 
mits preexisting C-language model- 
ing work to be utilized. 

The Redwood toolset provides 
analysis tools, such as spreadsheets 
and statistical analyses, that help de- 
signers assess whether a software 
or hardware implementation is bet- 
ter. Their tools, however, don’t auto- 
mate that process. Hardware-soft- 
ware co-design (verifying that the 
software will run correctly on the 
hardware being designed) requires 
high simulation speed, efficient han- 
dling of large memories to store pro- 
grams, and specialized tools to ana- 
lyze a program as it executes. The 
Redwood Reveal interactor tool in- 
corporates configurable elements 
called actors that can be built into hi- 
erarchies. Users create analysis and 
verification views from the actors 
that are tuned to their particular sys- 
tem. For instance, users can build 
code disassemblers, register tables, 
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and statistical performance moni- 
tors for a Sparc processor model run- 
ning a C program. 

TD Technologies’ Transcend ad- 
dresses concurrent hardware and 
software design with virtual execu- 
tion of embedded software on the 
system model. This is supported by 
linking actual software code and 
running it during the simulation. The 
code can be on the local platform, or 
on another class platform to allow 
for accurate performance modeling. 
As a result, users can optimize hard- 
ware-software partitions, optimize 
the location of the software, and cre- 
ate multiple designs with various 
hardware and software partitions. 


THREADS AND COMPONENTS 


Because the DesignVision tool 
from Vista Technologies uses the 
concept of threads and components, 
it allows for easy partitioning of a de- 
sign into hardware and software 
components. For example, each con- 
current software task in a system 
could correspond to a thread (or a 
group of threads). DesignVision is 
an open system, So users can custom- 
ize its code-generation facility to cre- 
ate code specific to their needs. This 
can be used to generate software for 
some threads in a model, and HDL 
code for others. For hardware-soft- 
ware co-design, DesignVision can 
model the interaction between the 
hardware and software components, 
and the high-level behavior of the 
components. 

The Mentor Graphics tools contain 
graphical support for design parti- 
tioning, with flexible releveling and 
functional verifications that aid us- 
ers in restructuring a design while 
maintaining design integrity. The 
dataflow diagrams support multiple 
levels of hierarchy and allow group- 
ing and separating of functions to al- 
locate toward specific implementa- 
tion needs. Architectural design of 
both hardware and software compo- 
nents from requirements to full sys- 
tem verification helps ensure that 
the system is created correctly. Sup- 
port for partitioning allows hard- 
ware and software functions to be al- 
located to the appropriate implemen- 
tation tools, including special tech- 
nologies such as digital signal 
processing (DSP). 
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3. THE VISUAL HDL TOOL designed by See Technolog incorporates a cause- 


and-effect feature that allows users to trace changes in signal value back to the responsible 
element in the appropriate graphical editor. With the logic-analyzer window, located on the 


left side of the screen, users can probe any signal for its value at any point of time. Then, in 
the source editor, users can see which state, activity box, or statement triggered that value. 


Comdisco’s SDA graphically parti- 
tions designs for implementation in 
hardware and software. The tool 
then automatically converts the 
hardware portion of the design into 
synthesizable VHDL for implemen- 
tation. Co-design is accomplished ina 
variety of ways. For example, an ar- 
chitectural design of a programma- 
ble ASIC can be converted into a sim- 
ulator model with the C-code genera- 
tor. Software engineers can then 
write and test assembly or micro- 
code on that model. Another example 
of co-design is found with simulation 
models of standard-part micropro- 
cessors. These models can be inte- 
grated into a design, allowing the 
code to run on the model and interact 
with the rest of the design through 
the chip’s I/O ports. 


AUTOMATIC TRANSLATION 

Also from Comdisco, the SPW en- 
vironment can take system block dia- 
grams and automatically translate 
them into hardware in the form of 
VHDL, or software in the form of C 
or assembly code. And both system 
hardware and software can be mod- 
eled with the company’s Bones tool. 
Resource models represent hard- 
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ware, and block diagrams define the 
software jobs that interact with the 
hardware. For example, the effects 
of interrupts on a processing system 
can be modeled and optimized. An- 
other example is optimizing a serv- 
er’s design on a computer network. 
Client requests to the server can be 
modeled based on the software appli- 
cation running on the client, such as 
a word processor. Simulations can 
determine when the server bottle- 
neck changes from CPU clock speed 
to disk subsystem design. 

Some ESDA products don’t have 
explicit hardware-software co-de- 
sign features, although they’re able 
to handle hardware and software 
concepts. For example, with Visual 
HDL from See Technologies, users 
design at any level of abstraction 
and then verify the design’s con- 
cepts. No commitment to specific im- 
plementation or to hardware-soft- 
ware partitioning is required. 

The KBS system is generally em- 
ployed when modeling hardware de- 
sign elements. However, users can 
model software blocks as a state-ma- 
chine-based algorithm using flow di- 
agrams. Also, the company’s Hydra 
product will support abstract-sys- 
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tem specification, where the use of 
an add-on translator module will 
generate C code or a user-specified 
instruction set. This comes in handy 
when designers need to simulate the 
execution of a hardware instruction- 
set processor or simulate a firm- 
ware-based design. 

Once a high-level system is cap- 
tured and is partitioned into hard- 
ware and software, users have to be 
able to simulate, analyze, and verify 
what they’ve done. For ESDA envi- 
ronments to be effective, the associ- 
ated verification tools must offer the 
flexibility to perform analyses and 
display the results in ways that are 
appropriate for specific application 
domains. For example, animation 
can help visualize system-simulation 
results. 

Express V-HDL from i-Logix con- 
tains a pre-HDL simulator that sup- 
ports design validation at the system 
level. For instance, it includes inter- 
active simulation with immediate ac- 
cess to all design parameters, anima- 
tion of graphical design models, 
graphical product mock-ups and cus- 
tom simulator-interface panels, and 
waveform displays for interactive 
and batch simulation. This pre-HDL 
simulation helps verify the graphi- 
cal-design entry, rather than simu- 
late HDL code or a logic implementa- 
tion. It doesn’t replace the need for 
lower-level simulation, but rather es- 
tablishes a foundation for lower-lev- 
el validation by creating a functional 
test environment. The i-Logix prod- 
ucts also include analyses. 


ANIMATION MODE 

The SES/workbench simulation 
operates in both the batch and ani- 
mation modes. In either mode, the 
model can be parametrized interacti- 
vely, or by using parameter files. 
The normal output from simulation 
is a report file containing statistical 
information about the model’s per- 
formance. Typical statistics are re- 
sponse times for critical activities, 
queue lengths representing conten- 
tion for resources, and custom statis- 
tics that are defined by users. In the 
animation mode, the progress of 
transactions can be monitored as 
they trace their execution threads 
through the model. An inspector 
window can display or graph any 
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High Density Power Components... 
The Logical Solution For Digital Systems 


Vith operating voltages trending lower, contemporary Concerned about reliability? These babies have impeccable 

lectronic systems can gobble up lots of current. And at genetics. After all, they’re the newest members of the VI-200 
oday’s higher currents, old-fashioned bulk power distribution family...a family whose field longevity has been proven in an 

chemes only give you more of what you don’t need...losses, installed base of over 1.5 million units. 

veight, cost and field failures...noise and signal interfacing 

roblems...wasted space. Tired of using the bus? If you’d like to bring a better solution 


on-board, call Vicor. 


igh Efficiency ¢ High Density e Higher Current 





he VI-200 family of DC-DC converters lets you put power 
shere you need it...right at the load. And now we’re delivering 
p to 33% more power...40 Amps...at 5.0, 3.3 and 2.0 Volts. 
Ve’re also delivering unmatched levels of efficiency, for the 
ame price and in the compact package that’s the standard for 
1e industry. 





Component Solutions For Your Power System \\pe VICOR 
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quantity in the model (F7g. 2). 

The simulation capabilities in the 
Redwood tools apply a hybrid, cycle- 
based algorithm. This provides the 
performance and capacity needed 
for system design, as well as debug- 
ging capabilities like stepping back- 
wards in time, visualizing design 
data, and interacting directly with 
the design. In addition, the Redwood 
ESDA analysis tools explore a differ- 
ent set of problems than do CAE 
tools. At the ESDA level, designers 


are concerned with functional cor- 
rectness, architectural implementa- 
tion, hardware-software trade-offs, 
protocol adherence, and a host of 
other factors. The Reveal actors 
make analysis intuitive and obvious. 

Transcend from TD Technologies 
contains a high-performance interac- 
tive transaction simulator. Specifica- 
tion and management of concur- 
rency is easy—the user may specify 
complex triggering events and ac- 
tions to be taken upon their occur- 


rence. Events may be animated dur- 
ing simulation, allowing users to 
view the information flowing 
through the design. Transcend gen- 
erates test stimuli algorithmically or 
statistically, and the system includes 
a set of analysis tools that perform 
sensitivity analysis. 

Mentor’s system-design tools pass 
off the simulation to the company’s 
various VHDL simulators. Howev- 
er, during the design process, con- 
trol functionality that’s implement- 


_THE MARRIAGE i GRAPHICAL AND TEXTUAL DESIGN 
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Until now, there have been two types of 
nonvolatile RAMs. Battery-backed RAMs are 
typically easy to use, but depend on lithium 
batteries. Shadow RAMs provide high reliabil- 
ity, long life, and board-space savings, but are 
relatively difficult to use. Now Simtek changes 
all that with the AutoStore™ nvSRAM family. 
When a power loss is detected, Auto- 
Store circuitry automatically protects 
your critical data. You and your system 
don't need to do a thing. On power- 
up, the data you need is brought back 
to SRAM for fast, unlimited read/write. 
At 64K bits (soon 256K) and with 





What the shadow | 
knows, it 
hever forgets. 





atroducing the first nonvolatile shadow RAM 
that's as easy to use as an SRAM. 


access times of 30-55ns, Simtek's AutoStore 
nvSRAM is unsurpassed in density and 
speed. Since it doesn't depend on a battery 
for nonvolatility, you can count on it to be 
reliable. And, it's a one-chip solution, so it 
uses very little board space, making it ideal 
for a broad range of applications from hand- 

held communications to super high-end 
DSP-based systems. 

Want to know more? Call 
800-637-1667 or 719-531-9444, 
or fax 719-531-9481. Simtek 
Corp., 1465 Kelly Johnson Blvd., 
Colorado Springs, CO 80920. 





SIMTEH 


Call 800-637-1667 today for your free nvSRAM Data Book. 


Also ask about our free nvSRAM Design Kit. 
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| Mentor Graphics Corp. 
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- Reveal: An interacto 


ESDA TOQLS 


COMPANIES OFFERING ESDA — 


- Product(s) 


s: System- level tool for performance modeling and aitalysis of architectures 
: Graphical tool for hardware-software design of DSP and communications systems 


Sl : Graphical a design tool for pastes. FPGAs, and microcoded —— 


te a an SSRIS! Snes ahs n= Re can ce ERNEE SS PERSE ee oe 


ExpressV-HDL: System: -level tool that includes = emphicel design capture, pre HDL simulation, : 


design analysis, and automatic HDL code generation 


flowHDL: Graphical design entry, simulation, and automatic HDL generation 
- blockHDL: Graphical design entry and block-level partitioning 


~ $5000-$25,000 


a: All above capabilities, plus waveform s stimulus, framework backplane, and nd de sion- : 


pport functions 


em Architect: Graphically represents design and gen 


ae functional visualization 


»0| that lets users represent simule 
$ animation 


d: A graphical system-leve 
act on-based tool for co-d 


Vision: Graphical, even 
-level modeling 


ed in state machines can be animated 
to check correct behavior, and full 
design functionality can be verified 
(see opening illustration). Users 
may create test panels from the de- 
sign data to provide easy, repeatable 
control of simulation and analysis. 

With Visual HDL from See Tech- 
nologies, design verification is 
achieved by simulating the specifica- 
tions at any level of the design tree. 
The object-oriented simulator in- 
cludes a built-in, mixed graphical- 
textual source-level debugger that 
allows users to set breakpoints, mod- 
ify design objects, single-step into 
graphical or textual elements, trace 
design activities, analyze data flows, 
and investigate architectural inter- 
actions (Fig. 3). 

The simulator in the Comdisco 
SDA environment is a fast, clock-lev- 
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el simulator. In addition, the tool fea- 
tures analysis capabilities that are 
displayed through its built-in Data 
Analyzer. A Virtual Interface Tool- 
set can build “virtual product inter- 
faces” that interact with simula- 
tions. Users can then intuitively ex- 
ercise designs. 

Comdisco’s SPW digital-signal- 
processing tool has a fast behavioral 
simulator that supports real-time in- 
teraction with the design through 
virtual human interfaces. Simula- 
tion can be executed on the worksta- 
tion, or downloaded to a mainframe 
or a DSP development system. 
SPW’s Interactive Simulation Li- 
brary provides predefined analysis 
tools that allow users to interact 
with the simulation. These include a 
programmable function generator, 
spectrum analyzer, and oscilloscope. 
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. HDL fo r simulation and synthesis 
/ - aysien Design Station: Combines the above capabilities with simul i 


ults in an intuitive, graphical 


____Unix workstations 





A Signal Calculator graphically cre- 
ates and analyzes signals. 

The company’s Bones simulator is 
an event-driven Monte Carlo engine. 
A debugging environment can sin- 
gle-step and animate simulations. In 
addition, users are able to monitor 
data structures and bottlenecks 
while the simulation is executing. 

The KBS flowHDLand blockHDL 
tools provide fast cycle-based and/or 
event-based simulation for function- 
al verification and validation. Like 
many other system-level tool suppli- 
ers, they support interactive anima- 
tion or batch-simulation modes.U 


How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 
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10 
Models 


erkeley SPICE is the most popu- 

lar program for simulating the 

behavior of electronic circuits. 

One of the biggest stumbling 
blocks that engineers face is turning data 
sheet information into SPICE models that 
emulate real devices and run without prob- 
lems. This Simulation Idea briefly intro- 
duces anew SPICE model for an IGBT that 
addresses these problems. 

An IGBT is really a power MOSFET 
with a junction added in series with the 
drain. This creates a parasitic transistor 
driven by the MOSFET and permits in- 
creased current flow in the same die area. 
The sacrifice is an additional diode drop 
due to the extra junction and turn-off delays 
while carriers are swept out of this junction. 
The figure shows the SPICE subcircuit to- 
pology and netlist for the IRGBC40U IGBT. 

The DC collector voltages, forward/ 
reverse breakdown, nonlinear capacitance, 
temperature, and switching effects are all 
accounted for. The subcircuit values relate 
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* IGBT SPICE Netlist 

-SUBCKT IRGBC40U 71 72 74 

* TERMINALS: c.G E 

* 600 Volt 40 Amp 24.3NS IGBT 
Qi 838185 QOUT 

M1 818283 83 MFIN L=1U W=1U 
DSD 83 81 DO 

DBE 85 81 DE 

RC 8571 21.1M 

RE 8373 2.11M 


THE NEW 
IGBT MACRO 
MODEL can be 


altered to emulate 
virtually any 
device. New 


UC71) 
COLLECTR 











RG 72 82 25.5 
CGE 82 83 1.42N 
CGC 8271 1P 


models can easily 
be created using a 
SPICE modeling 





EGD 91 08281 1 

VFB 93 0 0 

FFB 8281 VFB 1 

CGD 92 93 1.41N 

R1 92 0 1 

D1 9192 DLIM 

DHV 9493 DR 

R2 9194 1 

D2 94 0 DLIM 

LE 7374 7.5N 

DLV 9495 DR 13 

RLV 95 0 1 

ESD 96 93 POLY(1) 83 81 19 1 

MLV 95 96 93 93 SW 

.MODEL SW NMOS (LEVEL=3 VTO=0 KP=5) 
.MODEL QOUT PNP (IS=377F NF=1.2 BF=5.1 
+ CJE=3.48N TF=24.3N XTB=1.3) 

.MODEL MFIN NMOS (LEVEL=3 VMAX=400K 
+ THETA=46.1M ETA=2M VTO=5.2 KP=2.12) 
.MODEL DR D (IS=37.7F CJO=100P VJ=1 M=.82) 
.MODEL DO D (IS=37.7F BV=600 CJO=2.07N 
+ VJ=1 M=.7) 

.MODEL DE D (IS=37.7F BV=14.3 N=2) 
.MODEL DLIM D (IS=100N) 

.ENDS 


well to commonly available data. The figure 
(bottom right) shows the data book param- 
eters and the SPICE parameters that are 
primarily affected by each. An application 
note describing the operation of the model is 
available by circling the reader service #. 


PID Control System 


Design 


1Q2 


hen severe requirements are 
placed on the precision of 
an automatic control pro- 
cess, simple proportional 
controllers become inadequate. In complex 
plants, there are often phase lags which 
change negative feedback into positive feed- 
back at higher frequencies. These instabil- 
ities can be circumvented by reducing the 
proportional gain of the controller. How- 
ever, the step response may no longer be 
satisfactory. As aremedy, the derivative of 





the control deviation can be added. This 
provides adequate differential gain which 
leads to an improved dynamic response. The 
steady state deviation 1s also a valid criteria 
for the quality of a control process. For this 
reason, the deviation can be integrated and 
added to the proportional and differential 
quantities. In this way, even the smallest 
deviations are summed up continuously and 
produce a response great enough to adjust 
the steady state deviation to zero. 

A system using these quantities for con- 
trol is called a PID control system and can 
easily be simulated using IsSpice's Laplace 


LI 

a 

1 ed 
ae 


Step Input 


1 V Pill See 
0 - (eal es Fa a ss 

fie) Gc CH A 
v9) 


VIN 


PP=31831 
ct 


Phase (WFM.2) in Deg 


FP=.07958 FP=.03183 


K=2 K=10 
Laplace 3-Pole Filter 





Output (WFM.1) in dB (Volts) 


utility, SprceEMop. 


Qi 
QOUT 





3 RSS 
EMITTER 


RE 
2.1M 


HN 

















The IGBT subcircuit was created using 
SpicEMop, aCAE program used for creating 
SPICE models from data sheets. Intusoft, 
the first and only SPICE vendor to provide 
IGBT models, also has libraries for a variety 
of off-the-shelf parts. 


or Z transform features. The figure below 
shows a simple 3 pole system. The differ- 
ence between the input and the output quan- 
tities is fed into gain, integral and differen- 
tial blocks representing pre-made IsSpice 
subcircuits. The P, I, and D results are then 
summed and filtered through Laplace ex- 
pressions; in this case a series of three 
generic single pole filters. Both AC and 
transient (step input) results are presented. 
The analog computer functions in 
IsSpice allow it to simulate any system that 
can be described by a set of differential 
equations. This includes mixed systems 
containing electrical sections, described by 
transistors or mathematical equations, as 
well as mechanical and physical sections. 











FREQUENCY in Hz 


SIMULATION OF A PID CONTROL SYSTEM 


in both the frequency and time domains. 
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any designers believe that 
the analysis of the nonlin- 
ear characteristics of class 
C amplifiers is not practi- 


cal with popular simulators such as 
SPICE. However, with the proper mod- 
eling of the RF transistors, accounting of 
circuits parasitics, and selection of the 
transient analysis options, virtually ev- 
ery aspect of the class C amplifier can be 
studied. 

The real strength of SPICE based 
simulators, such as IsSpice3, is in their 
time domain capability where either re- 
petitive or non-repetitive waveforms can 
be used as stimulus. This ability is handy 
for burst work, measurement of peak 
stresses under normal operation or mo- 
mentary fault conditions, detailed study 





-SUBCKT MRF873 1 2 3 ; Collector Base Emitter 
LC 140.50N 
LB 26 0.60N 
LE 53 0.07N 
CC 43 15.0P 
CB 46 1.00P 
Qi 465 QRO1 


IsSpice subcircuit netlist 
for the MRF873 RF BJT 
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870MHz Class C 
RF Amplifier 


of bypass networks, and many other con- 
ditions. Since test points do not load the 
circuit, measurements that would be im- 
possible on the bench can be easily made 
with an IsSpice3 simulation. 

Shown in Figure | is a typical circuit 
used to simulate the operation of a class C 
power device. The device used here, X1, is 
the Motorola MRF873 NPN power BJT. It 
can produce 15 watts of output power in 
the 806-960MHz range. The transient 
simulation results required 24.6 sec. ona 
486/33 (5.96s on a60MHz Pentium) using 
IsSpiceE3, anew SPICE simulator based on 
Berkeley SPICE 3F.2 (PSpice®’s evalua- 
tion version 5.2 took 65.04s). At 870MHz 
one cycle takes about 1|.Ins. Since class C 
circuits need some number of cycles to 
stabilize, the amplifier was simulated from 


365.87P .09147NH 


(VC5) 


-MODEL QR01 NPN (BF=98 VAF=150 VAR=10 RC=.15 RB=1.43 

+ RE=.26 IKF=1.0 ISE=.76F TF=12P TR=1.7N ITF=1.7 VTF=5.3 CJC=10.7P 

+ CJE=12P XTl=3.0 NE=1.5 ISC=24F EG=1.11 XTB=1.5 BR=2.29 IS=8F 

+ MJC=0.33 MJE=0.33 XTF=4.0 IKR=0.5 KF=1F NC=1.7 RBM=1.02 IRB=160M XCJC=0.5) 


-ENDS 





























Power Gain (WFM.3) 








Power Output (WFM.1) in Watts 











3.00 4.20 


Power Input in Watts 





SCHEMATIC OF AN RF AMPLIFIER running in Class C operation at 870MegHz. 
The schematic waveforms reveal the transient response of the currents in the power supply, 
transistor collector, and capacitor, C5. The graph shows the power output and power gain 
resuits. The square boxes (WFM.2) show the data sheet response for power output. 


Ons to 20ns with output data accumulated 
only from 15ns to 20ns. 

After initial testing of anominal case 
(VCC=12.5, Power In=3W) the param- 
eter sweeping features of IsSPIcE3 were 
used to sweep the input power. Input 
power is controlled by the voltage of 
VIN. The power gain (10*lgt(Pout/Pin)), 
efficiency (Pout/Pdc), and dissipation 
(Pout-Pdc) were all measured. Since there 
isno circuit loading associated with moni- 
toring voltages and currents, measure- 
ment of the capacitor RMS current and 
peak voltage was possible. For nominal 
power input, the peak-peak voltage across 
C5 was 93.00V, while the RMS current 
was 2.082A. This type of data is vital for 
making informed component selection 
decisions. 

The graph shows the excellent track- 
ing between the IsSpicE3 simulation and 
the data sheet values for the output power 
and power gain vs. input power. Other 
results, such as the power dissipation in 
the MRF873 and the efficiency and out- 
put power vs. VCC at constant input 
power can also be easily calculated. 

From the accurate results presented 
here, it is clear that simulation of class C 
RF circuits using SPICE is practical and 
productive as long as the circuit and tran- 
sistors are modeled properly. 


PSpice is a registered trademark of Microsim Corp. 
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'™ cee BUILD A DIGITAL 
Py 21 temp Motor 


JIM HULSEBUS 
Miltope Corp., 76 Pear] St., Springfield, VT 05601. 


he AD590_ proportional- 

to-absolute - temperature 

(PTAT) device combined 

with an autoranging digital 
multimeter (DMM), such as Fluke’s 
Model 77, can make a stable digital 
temperature-monitoring device. 
This holds true particularly for long 
distance temperature measure- 
ments, up to 100 ft. 

Looking closely at the circuit (see 
the figure), U1A forms a current-to- 
voltage and voltage-amplifier circuit 
for the total range of the AD590, 
-—50°C to +150°C. The output of U1A 
then becomes the positive lead of the 
DMM. U1B forms a 0°C reference 


Twisted 
pair 


and calibration circuit, based upon 
the AD580 precision voltage refer- 
ence device. This, in turn, becomes 
the negative lead of the DMM. The 
AD590 has a certain amount of cali- 
bration error, depending upon the 
device’s grade. The 500-9 trimmer 
pot removes the error at 25°C. 

U2 is a basic comparator that 
forms a low battery voltage circuit. 
If the battery falls below 5.1 V, the 
LED will turn on, signaling that the 
battery should be replaced. 

To calibrate the device, U1B’s out- 
put should be set to 2.730 V (0.0°C) by 
adjusting the 500-9 pot. Next, the 
AD590 must be attached as shown in 


10.2 k, 0.1% 


681, 1% 


10.2 k, 1% 


Read the Ideas for Design in this 
issue, select your favorite, and cir- 


cle the appropriate number on the 
Reader Service Card. The winner 
receives a $150 Best-of-Issue 
award. 





the figure. Then, with a calibrated 
temperature measuring device, the 
500-22 pot should be adjusted for the 
correct temperature reading at 25°C. 
The reading on the DMM will have to 
be moved two decimal places to the 
right for final reading. For example, 
if the meter reads .285, the actual 
temperature is 28.5°C. An autorang- 
ing DMM, such as the Model 77 or an 
equivalent, is recommended. 

The battery will last about two 
weeks in continuous operation. If its 
shut off when not operating, it will 
obviously last much longer. 


Meter (+) 


oO Meter (-) 





A STABLE DIGITAL TEMPERATURE MONITOR can be created by combining the AD590 proportional-to-absolute- 


temperature device with an autoranging DMM. It is particularly effective for long-distance measurements up to 100 ft. 
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™ cece PLL SETS FRACTIONAL 
2, 2, FREQUENCIES 


NAVIN CHADDHA 
EE Dept., CIS 033, Stanford University, Stanford, CA 94305; (415) 725-6029 


Phase detector 


Low-pass filter 


Frequency discriminator 


Divide by F 


Voltage-controlled 
amplifier 


Pulse remover 
ovi 


Low-pass filter 


voltage 


Low-pass 
filter 





controlled amplifier instead of a microcontroller to generate frequencies in fractional steps 





fractional-N frequency 
synthesizer—a device that 
generates frequencies in 
steps which are fractions of 
the reference frequency (f,—will 
typically employ a microprocessor. 
Described here, however, is a frac- 
tional-N phase-locked loop (PLL) 
that replaces the microprocessor 
with a less expensive voltage-con- 
trolled amplifier and some support- 
ing circuits. The loop is always main- 
tained in the locked condition by 
changing the voltage-controlled os- 
cillator frequency. 

In the proposed scheme, the modu- 
lus control of the divide-by-N 
counter is implemented using a pulse 
remover (Fig. 1). The overflow (ovf) 
pulse causes the pulse-removing cir- 
cuit to become active, thus no input 
pulse is applied to the divide-by-N 
counter. The effect of removing the 
pulse is the same as if the divide-by- 
N counter has a division ratio of (N + 
1) instead of N. To maintain the same 
frequency and desired phase rela- 
tionship at the two phase-compara- 
tor inputs, the VCO, output frequen- 
cy (initially N x f,) is forced to in- 
crease by the same amount as intro- 





PIE LECTRONIC 


: 1. THIS FRACTIONAL-N PHASE-LOCKED LOOP uses a voltage- 


of the reference frequency. As a result, the total scheme is less complex and less expensive. 


duced by the overflow. When the 
PLL system is in locked condition, 
the output frequency of the divide- 
by-N counter is the same as that of 
the reference. Therefore, the input 
frequency of the divide-by-N counter 
is N xX f,, and hence the output fre- 
quency of the VCO, (f,,;) is Nf; plus 
the ovf frequency. 

The phase-detector (PD) output 
modifies with the change in N or F 
(fractional part) input. This in turn 
forces a change in the output fre- 
quency of the VCO,, whereby the di- 
vide-by-N counter’s frequency is the 
same as that of the reference. There- 


2.A pulse- 


remover circuit is 
implemented using 
negative edge- 
triggered JK flip- 
flops with reset and 
AND gates. The 
overflow (ovf) 
pulse causes the 
circuit to become 
active, therefore no 
input pulse is 
applied to the 
divide-by-N counter. 


Toggle 
flip-flop Q1 


Reset 
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after, the effect of the PD is to bring 
the phase difference between its two 
inputs to the initial constant value. 

The ovf frequency is generated in 
such a way thatit’s the required frac- 
tion (F) of f,. With each additional in- 
crement in the fraction F, the aver- 
age value of the DAC output in- 
creases proportionally. The voltage- 
controlled amplifier is used to make 
the output voltage level correspond 
to f, so that the ovf frequency gener- 
ated by the low-pass filter-V CO, cas- 
cade is the required fraction of f;. The 
frequency-to-voltage converter (fre- 
quency discriminator) followed by 
an LPF generates the voltage corre- 
sponding to f,, which acts as the con- 
trol voltage for the voltage-con- 
trolled amplifier. 

The PLL chip, CD 4046, is used to 
implement this scheme. It contains 
two phase comparators (I and II). 
Comparator I can lock in harmonics, 
whereas comparator II locks in only 
the fundamental. Zero phase differ- 
ence is required in implementing the 
scheme. That’s where comparator II 
steps in, because it can maintain zero 
phase difference over the entire 
VCO range. Comparator II, which is 
an edge-controlled digital memory 
network, works only on the positive 
edges of the signal and the compara- 
tor input. 

The voltage-controlled amplifier is 
implemented using a common-emit- 
ter amplifier with a FET as its collec- 
tor resistance. The FET’s gate-to- 
source voltage thus controls the col- 
lector resistance. The pulse-remover 
circuit (Fig. 2) is implemented using 
negative edge-triggered JK flip- 
flops (7473) with reset and AND 
gates (7408). When clear (CLR) 1s 
low, Q1 and Q2 are low and Q3 is 


N x fj + ov 


Toggle 
flip-flop 02 
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T'S 
JUST A LITTLE 











FLASH MICROCONTROLLER 


Atmel took a good idea. Improved 
it. And now it really turns heads. The 
good idea is called Intel 80031. The 
better idea is called the Atmel 89C51. 
It has the same brains as the Intel 
part. The Atmel microcontroller has 
the advantage because it has Flash 
memory for the program storage, 


minute changes, even after you've 
closed the box. 

Our Flash-based AT89C51 is even 
in-system reprogrammable, so the 
user can upgrade your equipment in 
the field. And, if you think portable, 
our low-power version, the 
AT89LV51, operates at just 2.7 volts. 








instead of EPROM or ROM. So, if you’re one of the thousands 
“So what?” you ask. So this. Our that use microcontrollers — or 

Flash-based microcontroller will get should, try ours. It’s just like theirs, 

you to market faster. You can easily ba te only better. 

make alternate versions of the same Call (800) 292-8635. We'll get 

system. And you can make last ey = you rolling ina flash. 


Atmel Corporation Headquarters: 2125 O’Nel Drive, San Jose, CA 95131 (408) 441-0311, FAX (408) 436-4300. © Copyright 1993 Atmel Corp. 
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high. After removing the CLR pulse, 
Q1 toggles to high with the ovf’s fall- 
ing edge. Next Q2 toggles to high 
with the falling edge in the input. 
With Q2 being low, the output is dis- 
abled. The next falling edge in the in- 
put makes Q2 toggle to low, which in 
turn toggles Q8 to low. This resets all 
of the flip-flops back to the toggle 
mode. Therefore, Q2 remains low for 
one complete cycle of the input, re- 
sulting in the removal of a pulse 
from the output. 
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Consequently, this scheme offers 
a design that doesn’t require voltage 
compensation (at the PD output) ora 
microprocessor accumulator (with 
appropriate software to linearize the 
required fraction input, which would 
give the correct increment in ovf fre- 
quency), as is required in most pre- 
sent-day designs. 

Instead, a frequency-discrimina- 
tor-voltage-controlled amplifier- 
VCO combination achieves the same 
objective, making it less complex and 


CONVERT SQUAREWAVE 
TO SAWTOOTH 


W. STEPHEN WOODWARD 


Venable Hall, CB3290, University of North Carolina, 
Chapel Hi$l, NC 27599-8290. 


he venerable sawtooth gen- 

erator, also known as the 

ramp generator, analog time 

base, etc., is one of the stan- 
dard building blocks in the linear de- 
signer’s bag of tricks. Many imple- 
mentations of this old standby exist, 
but most consist of an integrator, 
ramp reset switch, anda pulse gener- 
ator to control the reset switch. 

Of those, the reset pulse genera- 
tor usually represents the messiest 
part of the design of a sawtooth gen- 
erator. The lower limit of the reset 
pulse’s duration is set by the mini- 
mum time needed to reset the inte- 
grator. At the upper end, it’s limited 
to the longest “front porch” at the 
onset of the ramp that can be tolerat- 
ed by the designer who’s expecting a 
nice, sharp vertex. Usually these cri- 
teria diverge and dictate a compro- 
mise that’s less than an elegant solu- 
tion to either requirement. 

With the circuit shown, the reset 
pulse issue can be avoided altogether 
by using a “charge pump” technique 
instead of the integrator reset 
switch (see the figure). S31, a CMOS 
SPDT switch, accepts the digital tim- 
ing control signal. When the control 
signal is low, S1 connects the charge- 
pump capacitor (C,) to the output of 
the integrator. 

Thus, as the integrator ramps to- 
ward the peak output voltage (V,), C, 
tracks the ramp and will hold a a 
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charge of VC, when the control sig- 
nal switches. This charge will then be 
transferred by S81 to the integrator 
input, causing a reset step of -V_C,/ 
C,. If the duty cycle of the time con- 
trol signal is anywhere near 50%, so 
that adequate times are allowed for 
the charge/discharge of C, through 
R, plus the on-resistance of S1, then 
proper operation is assured and no 
special conditioning of the timing 
signal is necessary. 

Once started, the converter will 
converge rapidly over a few cycles of 
operation to a steady state where the 
reset step V_C,/C, anes the ramp 
amplitude: T(V,. — V,)/R,C,. This 
convergence will He successful pro- 
vided that the condition C, < 2C, is 
satisfied. 

If, for example, C, = C,, then V 
will equal the ramp amplitude. That 
will cause reset to drive the sawtooth 
voltage to V__. 

Much of the versatility of this con- 
verter, however, results from what 
happens if C, is made different from 
C,. The reset voltage of the sawtooth 
is given by V, = V,(1-C,/C,). So, by 
properly selecting the 3h /C, ratio, 
the sawtooth’s baseline can be 
moved about easily over a wide 
range. In the example circuit, this 
feature is used to generate a rail-to- 
rail ramp, which is usually hard to do 
with a single amplifier. 

Note that R, should be chosen to 
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less expensive. Further cost reduc- 
tion can be achieved by integrating 
this design in chip form.0 


IFD WINNER 


IFD Winner for 
August 5, 1993 


David A. Johnson, 10198 W. Berry 
Dr., Littleton, CO 80127. His idea: 
“Build 110-dB Beeper Circuit.”’ 





limit the reset current peak to a rea- 
sonable value, and that V,-V, input 
voltages of either polarity work 
equally well.L 





| THIS SQUAREWAVE-TO- 


sawtooth converter can avoid the 
difficulties associated with the reset 
pulse by using a charge-pump technique 
instead of the integrator reset switch. 
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“The remarkable thing is, when you think 
about McDonald's you've got to think about 
people. A friendly crew person welcoming 
you. Kids, moms and dads having a good 
time at McDonald's, even a funny clown 
named Ronald: Those pictures in your mind 


“Without advertising, 

roa y would think 

ber 7 was just the name 
of a former bresident._ 


Mike Quinlan, Chairman, CEO McDonald's (left) 





are advertising at work. 

Our advertising is 
people to people — an 
invitation from our 
people to our customers 
to come in and visit. 
Personal, friendly, and 
above all, real. 

I'm told there are 
business people out 
there who don't believe 
in the power of advertis- 
ing. For them, two facts: 
First, McDonald's is one 
of the most advertised 
brands on this planet. 
Second, McDonald's is 
the only company listed 
in the current Standard 
and Poors 500 to report 
combined increases in 


revenues, income, and earnings per share for 
more than 100 consecutive quarters since 1965. 
Frankly, Ronald and | like to think there's 


a connection here: 





American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to pday eae D. AAAA, 666 Third Avenue, New York, New York 10017, enclosing a check for five 
dollars. You will receive our booklet /t Works! How Investment Spending in Advert g Pays Off. Please allow 4 to 6 weeks for delivery. This advertisement prepared by Leo Burnett Co., Inc. 


YSTEMS 


1992 SHORT Form 


‘SYSTEMS CORPO 


pine oor 


CIRCLE 197 FOR U.S. RESPONSE 


geritt 





CIRCLE 198 FOR RESPONSE OUTSIDE THE U.S 


ELECTRONIC 
DESIGN 












EDITED BY SHERRIE VAN TYLE 


MARKET FACTS 


maturing electronics industry and the recession have 
forced makers of electrostatic discharge control products 
to pursue new end user markets as diverse as food process- 
ing, chemicals, packaging, consumer electronics, and in- 
dustrial equipment. Nevertheless, the industry mainstays, the elec- 
tronics and computer segments, made up most of the revenues for ESD 
products last year, which amounted to $363 million. The market is ex- 
pected to be worth $594 million in 1999, growing at a compound annual 
rate of 7%. These market projections are drawn from Frost & Sullivan 
Market Intelligence’s recent report, Electrostatic Discharge (ESD) 
Control Product Markets—Industry Shakeout: Price Wars, Emerging 
Applications, New Products. 

Of the total market, packaging made up 34% of revenues; worksta- 
tions 25%; flooring, 20%, ionizers, 15%, and test and monitoring equip- 
ment, 6%. The Mountain View, Calif., market research company pre- 
dicts that permanent floor systems will continue to grow as well as the 
demand for reusable and recyclable packaging products. Also look for 
growth in self-monitoring, self-testing, and continuous monitoring 
ESD equipment and in ESD control materials like clamshells and 
corrugated fiberboard. 








QUICK NEWS: 


U.S. MARKET CLIMBS STEADILY FOR 
ELECTROSTATIC DISCHARGE 
CONTROL PRODUCTS 


YOUR CAREER 





our suppliers can help you improve your job performance 


enlisting their support. The advice comes from a new 
training process being taught to employees of major orga- 
nizations throughout the nation. The process, called Peer Coaching, 
was created by Blessing/White, Princeton, N. J: 

©Meet regularly with your suppliers to be sure they understand your 
needs and ask them to suggest different ways to meet them. 

@Ask the suppliers to educate you about a// their capabilities. Learn 
what they do for organizations like yours. 

@Hold three-way meetings between you, a supplier, and a customer to 
discuss how the supplier can better meet customer needs. 

@Rather than tell suppliers how to do the job, explain your needs clear- 
ly and challenge them to be creative in meeting them. 

@ Ask your suppliers if any barriers are preventing them from giving 
you excellent service, and deal with those barriers. 

©Focus on problem-solving, not on placing blame. Be demanding and 
understanding. 





etween one third and one half of the 1.4 million managers 

who were laid off in the past five years will be rehired by 

their employers. So states Craig Dreilinger, a clinical psy- 

chologist who heads The Dreiford Group, Bethesda, Md. a 

consulting firm that’s working with 30 companies on downsizing and 
its aftereffects. 

“Senior executives are admitting they made a mistake to cut to the 

ELECTR 


and increase your job satisfaction. Here are some tips for - 
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bone’ he adds. “They're bringing many of their managers back as 
consultants.” 

Managers who return as consultants are sometimes paid more than 
they earned before and this causes resentment by the employees who 
survived the downsizing, Dreilinger states. The resentment can be 
acute when the returning managers have more power than the survi- 
vors do. 

Dreilinger advises that returning managers and surviving employ- 
ees meet quickly in a forum that allows both groups to admit the situa- 
tion is awkward and try to reestablish relationships. Unless this is 
done, he adds, the survivors will be unproductive and even engage in 
subtle sabotage. 


n early retirement offer often signals that your employer 
will be downsizing. Subsequent offers are rarely more 
attractive. Given these circumstances, you re usually bet- 
ter off taking the first offer. 

This advice also comes from Dreilinger, of The Dreiford Group, Be- 
thesda, Md. Companies that are downsizing usually continue to do so, 
he says. For one thing, downsizings often are mismanaged. For anoth- 
er, good leaders often leave early. Downsizing will continue for anoth- 
er 10 to 20 years in America. 

Employers are likely to be more generous with early retirement of- 
fers at the beginning of a downsizing because they feel lots of guilt. 
When thousands begin to get fired, you might assume the guilt grows, 
he adds, but that’s not the case. 
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EYE ON 1S 0 9000 


inear Technology's Milpitas, Calif., 
facility has been certified compli- 
ant with ISO 9001, which covers the 
company s design, manufacturing, 
and service organizations. The company s 
products include operational, instrumenta- 
tion and audio amplifiers, voltage regulators, 
references, comparators, converters, 
switched-capacitor filters, communication in- 
terface circuits; and one-chip data-acquisition 
circuits. Contact the Marketing Communica- 
tions Manager, Linear Technology Corp., 1630 
McCarthy Blvd., Milpitas, CA 95035-7487. 
CIRCLE 490 


he Columbus, Nebraska plant of 
Dale Electronics Inc., a unit of Vi- 
shay Electronic Components, U. S., 
has received registration to ISO 
9001 for wirewound resistors and information 
displays. Vishay Electronic Components is 
part of Vishay Intertechnology Inc. The Mal- 
vern, Pa.-based company produces resistors, 
resistive sensors, and other passive electronic 
components. Contact Greg Mefford, Dale 
Electronics Inc., 1122 23rd St, P. O. Box 609, 
Columbus, NE 68602-0609. CIRCLE 491 


homerics Inc. has been certified 

to ISO 9001 for the design, manu- 

facture, and sale of EMI/RFI 

shielding products in its Woburn, 

Mass. facility. Chomerics also produces con- 

ductive elastomers, conductive adhesives and 

coatings, EMI shielding, thermal manage- 

ment products. The Woburn, Mass., company 

is a subsidiary of Grace Co. Contact Norman J. 

Quesnel, Marketing Communications Direc- 

tor, Chomerics Inc, 77 Dragon Ct, Woburn, 
MA 01888; (617) 935-4859; fax 932-1945. 

CIRCLE 492 


he Espoo, Finland, facility of Pla- 
nar Systems Inc. has been certi- 
fied to ISO 9001 for electrolumi- 
nescent (EL) flat-panel displays. 
The company, based in Beaverton, Ore. de- 
signs, manufactures, and markets AC thin- 
film EL displays and system components. 
Contact Planar Systems Inc., 1400 NW Comp- 
ton Dr., Beaverton, OR 97006; (503) 690-1100; 
fax -1244. CIRCLE 493 


urr-Brown Corp., of Tucson, Ariz., 
has received certification to ISO 
9001 in the U. S. and Europe. The 
company produces linear ICs, 
data-collection systems, and personal com- 
puter instrumentation. Contact Burr-Brown 
Corp., P. O. Box 11400, Tucson, AZ 85734; (602) 
746-1111; fax 889-1510. CIRCLE 494 
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BY RON KMETOV CZ : 
President, Time to Market Associates Inc. 
P.0. Box 4 - , 100 a Pear Rd., Verdi wv 89439; (408) 446-4 
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Orbit slash 
per-unit cost 
on quantities 
as low as 
100 pieces? 





FPGA or Gate Array 








No NRE lets you convert small 
quantities — even as low as 
100 chips. 


No NRE means converting FPGAs can make 
economic sense at quantities under 100 chips. 
And with our fast-turnarounds on prototypes 
and production quantities, you can start cutting 
your per-unit cost immediately. 

Gate array users can also affordably meet a 
sudden demand for product by quickly — and 
inexpensively — developing an alternate 
production source. 

With Encore! 


¢ No NRE - just fast paybacks 

¢ Cut your per-unit cost on runs as low as 100 
chips 

¢ Call Orbit for an easy economic analysis 


















































































































































































































































































































































































































































































































































































































































































































































A wide range of packages are available to Encore! users. 


ORE! 


nversion without the NRE. 





Slash your per unit cost on FPGA For more information on converting your 

FPGAs and gate arrays with no NRE contact 
and gate arrays. — | Encore! Technical Sales. (800) 331-4617. In 
Whether you’re converting your FPGA designs California (800) 647-0222. Phone (408) 744- 
into affordable ICs, or looking for a second 1800. FAX: (408) 747-1263 


source for your gate arrays, Encore! is a 
surprisingly affordable answer. 

In only a few weeks, Orbit turns your netlists 
into prototypes and production quantities. So 
you can cut your per-unit cost very quickly. Or 
quickly find an alternate source for production 
of your gate arrays. 
¢ Convert FPGA netlists 
¢ Convert gate array netlists for alternate source 
¢ Get prototypes in as little as three weeks 
¢ Get your choice of packaging options 
¢ Move quickly into full-scale production Second Source, First in Service 
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SEMICONDUCTOR, INC. 


Altera, Xilinx, Actel, VLSI Technology, LS! Logic, NCR, AMI, Toshiba and AMD Mach are registered trademarks of their respective companies. 
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Bob’s MAILBOX 


Dear Bob: 

The degree vs. no-degree issue is 
more complicated than your reader- 
ship realizes. There is great value to 
experience, willingness to attack a 
problem, and native intelligence and 
intuition. A person is born with some 
qualities, some are developed through 
education and training, and some can 
only be acquired through years of 
working in the real world. 

The technical professions have 
identified a body of knowledge repre- 
senting the core knowledge one must 
know to be proficient in that profes- 
sion. The degree is a certificate indi- 
cating that the holder has acquired 
mastery of that core knowledge. It 
doesn’t certify that the holder is crea- 
tive, hardworking, or pleasant to be 
around. 

The permutations of degrees, expe- 
rience, native ability, and a dozen or 
more other qualities are what make 
the whole engineer. Holding a degree 
is only one of these qualities; it 
shouldn’t be overrated, but on the 
other hand, it shouldn’t be underrated 
either. 

I have worked as a software engi- 
neer (programmer) for 23 years. I re- 
cently received a masters degree in 
Computer Science. The knowledge 
that I acquired through the masters 
course work would have helped rela- 
tively little in my career. 

Conversely, I can now do certain 
kinds of analysis and development 
that I couldn’t previously. I expect the 
same to be true of other technical 
professions. 

There is no reason why a non-de- 
greed engineer shouldn’t take the 
time to complete a degree. Between 
testing out lower-level courses and 
credit for work experience (post fact, 
it’s called an independent study class), 
it is not a large burden. 

A technical course of study is fo- 
cused and relevant to work. Yes, any 
good school will want you to jump 
through a few hoops, but the fact is, 
they will work with you to tailor a 
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program if you work with them. 

Assuming you have all the qualities 
that make a good professional engi- 
neer, why wouldn't you want to take 
the classes for a degree? You have to 
study continuously to keep up with 
new developments. So do your study- 
ing at a university where you can in- 
teract with a professor who has real 
expertise. 

Your employer will help pay for the 
tuition and may even give you time off 
to attend classes. Time, money, value. 
Do you think you won't learn any- 
thing? You will certainly learn some- 
thing you would not have learned just 
studying on your own. 

With technology becoming more 
complex, and with the aerospace re- 
cession, certain job markets are more 
competitive. It may not be right, but 
the personnel people set standards 
that will prevent non-degreed indi- 
viduals from being hired, and will lay 
off the non-degreed first. 

CORY K. HAMASAKI B.A, M.S. 
Alexandria, Va. 

I sure agree. with your first five 
paragraphs. But, there’s “no reason” 
not to complete a degree? It’s “not a 
large burden?” Hey, maybe I should 
steal the shoes off my baby’s feet, 1g- 
nore my family even more than I do, 
stop writing columns, and go back to 
school to learn how to design linear 
ICs from “a professor who has real 
expertise?” —RAP 


Dear Bob: 

Back in May, you put out a challenge 
for Fuzzy Logic applications. This is 
not one. In fact, all I have read indi- 
cates that F.L. designers have never 
heard of feedback circuits in control 
systems. 

The examples of F.L. that I have 
read are one-dimensional systems: If 
the temperature is such, then the 
“comfort” parameter falls into 
cold/normal/hot to such and such a de- 
gree. A simple feedback controller can 
easily handle this kind of problem. 
Fuzzy Logic is overkill for an applica- 
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tion that could be done more simply. 
Its only advantage is being able to 
make advertising claims that it’s 
“Fuzzy Logic Controlled”. 

FL. is an idiot level of Artificial In- 
telligence. AI can determine the cor- 
rect identity or action from a complex 
input by using appropriate rules. The 
next higher level allows it to learn. 
The next level allows a “best guess” 
with incomplete data. For F.L. to 
shine, it must implement at least some 
of these principles. The degree to 
which a rule applies, and how it is 
applied, is determined by the data in- 
put. Rules modify the rules according 
to data. If data is missing or way out 
of line, fallback rules and constants 
may be used. 

For example, F.L. that applies hu- 
midity as well as temperature would 
be a much more appropriate Fuzzy 
Logic application than a simple tem- 
perature controller. As humidity 
changes, the transitions between 
cold/comfortable/hot change position 
and possibly slope. At very-high hu- 
midity, the comfort zone may disap- 
pear. The controller would need to 
control both temperature and humid- 
ity through heaters, controllers, hu- 
midifiers, and dehumidifiers. 

As long as F.L. is used in one-dimen- 
sional systems, it will flop. The more 
dimensions it uses, the better it will 
outperform other simpler feedback 
systems. However, the more dimen- 
sions it operates in, the more complex 
it becomes, and the more a true Al 
system may be appropriate. 

Iam not an expert in AI or F\L., but 
rather in communications systems. 
But I do believe that FL. will fail until 
it is used to perform judgment of ap- 
propriate behavior with incomplete or 
complex data. 

I also agree that many articles are 
more F.T. (Fuzzy Thinking) than 
Fuzzy Logic. Thanks for the breath of 
fresh air on ET. (or was that F.L.?). 
PAUL M. SCHUMACHER 
Ademco Inc. 

Syosset, N.Y. 
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Many demonstrations of new tech- 
nology are greatly simplified. But 
most FL. examples give no clear ex- 
planation of what works—or why! I 
hope my last two columns helped clar- 
ify that—_RAP 
Dear Bob: 

How I have waited to catch you in 
an error! The large Van de Graaff 
generators used at most physics re- 
search labs are horizontal—not verti- 
cal as you implied in the Oct. 1 column, 
“What's All This ESD Stuff, Anyhow?” 

I can now die a happy man. (I might 
want to put it off a few years, though, 
since I am only 33.) 

CHUCK McCOWN 
Data Com 
Quincy, Il. 

Just like I said: Since most con- 
veyor belts are vertical, those hori- 
zontal Van de Graaff generators are 
perpendicular.... I once thought I'd 
made an error—but that was a mis- 
take....—RAP 


Dear Bob: 

I greatly enjoyed your column, 
“What's All This Ground Noise Stuff, 
Anyhow?” in the June 24 Analog Ap- 
plications Special Issue. The impor- 
tance of being able to make an accu- 
rate measurement can not be under- 
stated. I remember “Doc” Edgerton 
telling our circuit design class (circa 
1955), “You guys will never be good 
engineers until you learn to take a 
measurement!” That admonition is 
probably truer today than it was back 
then, when you could almost get by 
measuring voltages with a wet finger 
and power levels with your sense of 
touch (or smell—depending on the de- 
gree of overload). 

One statement you made in your 
article is more incorrect than not, and 
should be clarified. You say in refer- 
ence to magnetic noises, “Unfortu- 
nately, copper or aluminum will not 
reject or attenuate these magnetic 
noises.” If you check almost any book 
on EMI reduction techniques, you’ll 
find references to attenuating ac mag- 
netic fields with “reflective shielding” 
by using conductive enclosures made 
of those very materials. 

An ac magnetic field induces a cur- 
rent in the shield, which creates an 
opposing field. I’m sure someone who 
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remembers his/her electromagnetic 
field theory better than I do could 
derive a rigorous proof showing that 
ac magnetic fields are attenuated by 
conductive enclosures. I suspect the 
proof would show that even a dc mag- 
netic field would not penetrate a com- 
pletely closed box made of infinitely- 
conductive material. The material 
I’ve read states that reflective shield- 
ing is more effective than using mag- 
netic materials above about 15 kHz, 
and the thickness of a reflective enclo- 
sure need only be about three times 
the skin depth of the material at the 
lowest frequency you're trying to at- 
tenuate. Holes for leads, adjustment 
tools, etc., should be kept as small as 
possible. Better one hole per wire 
than one big hole to take a whole bun- 
dle. The old “loop size” thing again. 

Sometime last year I read a techni- 
cal note from Hewlett-Packard that 
described the extremes they took to 
provide magnetic shielding for the 
front end of a wideband measuring in- 
strument, with a multiple-layer shield 
that was constructed out of Mumetal 
for low frequencies and copper for 
higher frequencies. 

I recently had to reduce the exter- 
nal 25-kHz magnetic fields produced 
by a small switching power supply in 
a spacecraft system. The 25-kHz H- 
field, as measured with a shielded loop 
antenna a few inches away from the 
supply, was about 20 dB over the al- 
lowable limit. I reduced these emis- 
sions over 30 dB by surrounding the 
supply with a cigarette-pack-size alu- 
minum box with 1/16-in. thick walls 
and cover. To get maximum attenu- 
ation, I had to clamp down the cover 
with countless screws. An alternative 
would have been to use a metal mesh 
conductive gasket between the cover 
and the box, and fewer fasteners. 
JEFFRY A. WISNIA 
MIT 57 EE 
Jeffry Wisnia and Associates 
Winchester, Mass. 

Thanks for correcting my igno- 
rance. Your comments are of great 
value—examples of problems in the 
real world, indicating that these very 
tricky principles are not well known. 
Many people read my Ground Noise 
column, but only you wrote in to edu- 
cate us!—RAP 


DES IGN 


L Mutu Modtia Mvdusdusloaleaieodoatateddatadeteclied 


i noconcenenses 
eee 


1) A 












_to accommodate the full spectrum of em- 
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range versions to get to market 
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compilers (for PCs, Sun®, and Mac®), 
ICE", debug monitors, RTOSs, floating- 
point software libraries, and evaluation 
boards. This hardware and software tool 
commonality further simplifies new 
product development. 


Evaluate Your Options 

Call our toll-free hotline today to get a 
copy of the RISC Data Book, Applications 
Guide, a free 
RISController 
T-shirt, and 
ordering 
information on 
IDT’s 
RISController 
Evaluation Kits. 
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Function generators take on a 
digital tone Synthesis techniques bring tremendous 


Slexibility to an old benchtop standby. 











n invasion of digital tech- 
nology over the past few 
years has changed the face 
of function generation. Today’s 
instruments offer much more 
capability and flexibility than 
those of even the recent past. 
However, what’s also resulted is 
a certain amount of confusion 
over what a function generator 
actually is. 

A number of traditional ana- 
log-based function generators 
containing RC circuits that tune 
the unit’s output frequency are 
still available. And many of 
these generators are still bought 
every year. But most new prod- 
ucts being introduced create 
their output signals digitally, 
primarily using direct digital 
synthesis (DDS). In a DDS- 
based function generator, the 
output function is stored in a 
waveform memory, whose con- 
tents are clocked out to a digital- 
to-analog converter (see “How 
direct digital synthesis works, ”’ p. 
93). 

One of the biggest advantages 
of DDS-based function genera- 
tors is that manufacturers can 
relatively easily and inexpen- 
sively endow them with some ar- 
bitrary-waveform capability. 
Exactly how much arbitrary ca- 
pability is a decision the instru- 
ment manufacturer must make 
based on the market niche it 
wants to target. 

That leads to some fine dis- 
tinctions being made, with some 
manufacturers offering prod- 
ucts called function generators, 
arbitrary-function generators, 
and arbitrary-waveform genera- 
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tors. Generally, the units known 
as arbitrary-waveform genera- 
tors are traditional, full-capabil- 
ity instruments (these aren’t in- 
cluded in the product listing on 
p. 96). 


ll that’s needed to turn a 
DS-based function gen- 
erator into an arbitrary-wave- 
form or arbitrary-function gen- 
erator is the addition of another 
memory in which users can load 
a custom waveform, says David 
Kruse, a sales and marketing en- 
gineer at Stanford Research Sys- 
tems, Sunnyvale, Calif. The re- 
sult is synthesized function gen- 
erators with arbitrary capability 
priced as low as about $1000, he 
notes. 
According to Kruse, “‘That’s 





pretty much invading a lot of the 
territory that traditionally went 
to just function generators.”’ As 
for the future, he says, “I think 
the distinction between function 
generator and arbitrary-wave- 
form generator is going to be- 
come a question of marketing.” 
A large part of the distinction 
will be how much memory and 
how many ease-of-use features 
the instruments will include. 
Both add cost and will become 
differentiating factors. 

The ease with which arbitrary 
waveforms can be specified is es- 
pecially important in full-capa- 
bility arbitrary generators, if us- 
ers are to get the maximum ben- 
efit out of these instruments. En- 
try and editing schemes may 
include downloading of stored 
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real-world waveforms, mathe- 
matical specification, or various 
drawing methods. An arbitrary- 
function generator usually lim- 
its these techniques. 

Another important difference 
between DDS-based function 
generators and full-capability 
arbitrary-waveform generators 
is the method used to change fre- 
quencies. In the latter, operators 
change the frequency by varying 
the clock rate, and thus the rate 
at which the stored points are 
clocked out of memory. In a 
DDS-based system, the frequen- 
cy is changed by varying the 
number of points executed from 
the record memory, says Bruce 
Virell, signal sources marketing 
manager at Tektronix Inc., Bea- 
verton, Ore. 

Eliminating points is going to 
reduce waveform definition. As 
a result, generator designers 
must carefully choose the filter 
algorithms that will create the 
analog waveforms. This isn’t a 
problem with sine waves be- 
cause it’s easy to build a filter 
that generates an accurate sine 
function, notes Virell. Func- 
tions with linear elements—in- 
cluding triangle and square 
waves—are affected more, be- 
cause as points are eliminated, 
edges can start to move. 

“Say you’re creating a square 
wave and you’ve got a certain 
positive transition on the wave- 
form that’s associated with a 
given point in time. As you start 
scanning points in memory and 
start skipping points, that clock 
edge will move, and that’s not 
very desirable,” says Virell. “If 
you’re trying to re-create a 
waveform, you’d like to have the 
data points remain consistent 
within that arbitrary memory. 
So that’s a distinction to be made 
between these function genera- 
tors and arbitrary-waveform 
generators.” 


heen with technol- 
ogy improvements and 
cost reductions, the movement 
toward digital techniques will 
continue to its logical conclu- 
sion, according to David Mad- 


sen, product manager for instru- 
mentation at Analogic Corp., 
Peabody, Mass. “If you’re talk- 
ing about several years from 
now, the older-type function 
generators will probably cease 
to exist,” he says. ‘““They will be 
replaced by pure arbitrary- 
waveform generators with built- 
in functions already prepro- 
grammed to produce the sine 
and everything else that’s done 
with analog techniques today.” 

The limiting factor at the mo- 
ment is the price of the very fast 
DACs and the fast memory 
needed to accurately create the 
desired functions. To get a rea- 
sonable-quality 10-MHz sine 
wave with 20 points per period, 
explains Madsen, the generator 
would have to clock it out of 
memory at 200 MHz. “Now 
200-MHz DACs aren’t easy to 
find and they aren’t that cheap,” 
he says. ‘““And the memory that 
supplies that DAC also has to be 
fast. That is not cheap, although 
it is getting cheaper.” 

As the costs of these compo- 
nents drop during the next few 
years, “‘it will actually be cheap- 
er to produce an arbitrary-wave- 
form generator with the same 
quality with which you could 
produce an analog-function gen- 
erator,” says Madsen. “And you 
still have the advantage of using 
it as an arbitrary-waveform gen- 
erator.” 

The bottom line is a tremen- 
dous improvement in the price- 
performance ratio of function 
generators. “It really is kind of 
phenomenal that you now have 
full sweep capability, full modu- 
lation capabilities, full program- 
mability, even the arbitrary 
waveforms,” says Mark Bailey, 
a product marketing manager 
for Hewlett-Packard’s Personal 
Measurement Operation in 
Loveland, Colo. ‘‘All of this is 
built-in for under $2000.” 

An interesting example of the 
changes wrought by digital syn- 
thesis is the frequency accuracy 
of the newer function genera- 
tors, which Bailey says seem to 
be affecting sales of frequency 
counters. One of the major ap- 


The bottom 
line Is a tre- 
mendous im- 
provement in 
the price-per- 
formance ratio 
of function 
generators. 





plications of counters used to be 
to measure the actual frequency 
coming out of a function genera- 
tor. “Nowadays, with synthe- 
sized generation techniques, if 
you dial up 1.234567 MHz, it’s 
going to be pretty darn close,” 
says Bailey. It’s like 10-ppm 
kind of accuracy.” 


Re believes this is part of 
a larger trend in test and 
measurement, with no end in 
sight. “I don’t see anything to 
necessarily halt the trend of 
more power for less money,” he 
says. ‘‘People expect that if 
they’re going to pay the same 
amount of money they’re going 
to get more power. Or for the 
same kind of capability, they’re 
probably going to pay less for 
the next generation.” 

When selecting a function 
generator, users should consider 
several features that may be im- 
portant to their application. Not 
all units will allow them to vary 
the phase of the output signal. 
This capability permits delayed 
outputs. In addition, not all gen- 
erators include sync pulses that 
make it possible for users to syn- 
chronize their outputs with oth- 
er instruments. Depending on 
the application, another useful 
feature is a voltage-controlled- 
oscillator (VCO) input, which 
allows external frequency mod- 
ulation of the generator’s output 
signal. 

One key specification is the 
sine wave’s total harmonic dis- 
tortion (THD). Analogic’s 
Madsen notes that for digital in- 
struments, THD is often speci- 
fied at a frequency well below 
the instrument’s maximum out- 
put frequency. If the purity of 
the output signal is important, 
he notes, users should make sure 
the specifications are suitable 
within the frequency range of in- 
terest. 
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verters combine high speed with 
wide dynamic range. So they 
mesh with today’ demanding 
communications, imaging and 
instrumentation tasks. 

For example, our new 
CLC937, with its 25.6MSPS rate, 
is a natural for video and chan- 
nelized receivers. And the new 
CLC938, at 30MSPS, can 
handle digital down convert- 
ing directly for big savings 
in IF designs. Choose the 
CLC935 when you need 
the very best SFDR. Or 
the CLC936 when you’re 
looking for a great 
speed/ dynamic- 
range tradeoff. 

Even with all this 
performance, prices 
start at just $350*. 

More than likely, 
you ll need other 
high-performance 
pieces to complete 
the picture. So we 
supply fast settling, 
low-distortion op amps, 
fast multiplexers, plus 
outstanding track and 
holds too. 

Call today for details. After 
all, there’s no reason to search 
high and low when Comlinear 
has all the pieces. 
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unction generators are very 

helpful in many traditional 

applications where a simple 
continuous-wave test signal is 
needed. When troubleshooting 
an analog signal path, the trusty 
benchtop function generator 
with its sine, square, and trian- 
gle waveforms becomes an ideal 
signal source. But test require- 
ments are getting increasingly 
complex, often including both 
digital and analog signals and 
with more critical voltage and 
frequency parameters. To keep 
pace, much more capability is 
built into the newer function 
generators, giving users a num- 
ber of advantages. 

One particularly important 
technology now used in function 
generators is direct digital syn- 
thesis (DDS), which is replacing 
traditional analog signal-gener- 
ation methods. These new types 
of function generators are very 
useful for testing devices like 
compact-disc players, which in- 
corporate a mix of analog and 
digital technology. 

A CD player contains a com- 
plex control system that em- 
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ploys focus and tracking servo 
motors on the laser and another 
servo motor that rotates the disc 
at different speeds, depending 
on the particular track. The 
players have a tendency to 
“‘skip,”’ meaning the control sys- 
tem loses lock when subjected to 
physical shock, such as when 
driving over a rough road. 

Designers need to character- 
ize the reaction and recovery 
time of the control system for 
such a disturbance. This can be 
done by injecting simulated 
pulses directly into the control 
system just before the laser (Fig. 
1). The system’s recovery time is 
then measured with a digital 
storage oscilloscope (DSO). 

The first step is to choose a 
pulse from the function genera- 
tor’s menu of outputs that best 
resembles an actual disturbance. 
A DDS-based function genera- 
tor offers the advantage of a 
larger library of standard wave- 
forms because the waveforms 
are stored digitally and loaded 
into waveform memory as need- 
ed (see “How Direct Digital Syn- 
thesis Works,”’ p. 93). For exam- 


1. This block diagram 
of a CD player indi- 
cates where to inject 
signals to evaluate the 
system’s recovery 
from mechanical 
shock (1), to substi- 
tute for the clock (2), 
or to characterize the 
audio amplifier (3). 





SSS 










































































Sime 


Digitally based function generators give engineers 
expanded test capabilities. 
BY 


ple, the PM 5139 provides a 
choice of sine, triangular, 
square, and sine’ pulses as well 
as continuous waveforms. To 
test the CD player, the sine? 
pulse most accurately simulates 
the error voltage that results 
from a mechanical shock in the 
control system. 


f the instrument’s standard 

library doesn’t offer a us- 
able waveform, the user can cre- 
ate a custom waveform using the 
arbitrary waveform capability 
offered in most DDS-based 
function generators. However, 
the arb capability is usually 
somewhat limited in instru- 
ments commonly labeled “‘arbi- 
trary/function generators,”’ 
compared with a full-capability 
arbitrary waveform generator. 
Users shopping for an instru- 
ment with dual capability 
should closely inspect the 
amount of control available over 
sample rate, memory depth, and 
the number of bits of vertical res- 
olution—traditional arbitrary 
waveform generator specifica- 
tions. Quite often, the instru- 
ment’s sample rate or the memo- 
ry depth is fixed. 

True arbitrary waveform gen- 
erators offer better control over 
these parameters but, converse- 
ly, lack common function gener- 
ator features (real-time analog 
modulation capability) and 
easy, intuitive setting of parame- 
ters (frequency and amplitude). 
As a result, the choice of instru- 
ment will result in a trade off of 
arbitrary- and function-genera- 
tor capability. 

The precise pulse characteris- 
tics must still be determined. 
Immunity to shock and vibra- 
tion, which is critically impor- 
tant in a CD player, can be 
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Specified limit: 
1.0 seconds 


looked at in several ways. One 
way is to vary the disturbance 
pulse’s amplitude and pulse 
width to get a threshold level of 
immunity to one pulse. From ex- 
perience, a base-line value can be 
established to separate “good” 
and “‘bad”’ performance. 

After deciding on a suitable 
disturbance pulse, the user must 
set up the function generator to 
produce one complete cycle of 
the pulse. This is accomplished 
with the burst mode. The num- 
ber of cycles in the burst is selec- 
table by the user, triggered ei- 
ther as a single-shot or pro- 
grammed for a regular repeti- 
tion rate with the internal 
trigger generator. By setting the 
number of cycles to 1 and the 
trigger source to “single,” the 
burst function can be configured 
to send out a single-shot pulse 
for each press of a front-panel 
trigger button. 

For the example CD tests, the 
pulse frequency was set to 150 
Hz to get a pulse width of about 
3 ms, which best matched actual 
disturbance pulses seen in the 
control loop. The amplitude was 
set to deliver enough voltage to 
make the CD player skip (ap- 
proximately 1 V p-p). 

Another way to evaluate im- 
munity to shock is by looking at 
the control system’s ability to 
withstand multiple “‘hits”’ with- 
out losing lock. The burst mode 





2. After forcing the CD 
player to an out-of- 
lock condition, a digi- 
tal scope can be used 
to measure the seek 
time, which is how 
long the system takes 
to reestablish lock. 


3. The CD player’s 
measured clock jitter 
(recorded on a digital 
oscilloscope) had a 
modulation frequency 
of about 10 Hz and a 
frequency variation of 
about 30 Hz. 


MHz 
4.239285 
4.239266 
4.239135 
4.239196 : 


4.239185 


2648 
Samp les 


x1: 6.6680608006 s 


can be used to create a string of 
multiple pulses that simulate 
mechanical ringing, which often 
occurs when a complex mecha- 
nism is subjected to physical 
shock. 

For this test, the user sets the 
pulse amplitude and frequency 
to known-good levels (ones that 
won’t cause a single-shot prob- 
lem). The number of pulses is 
then increased until a problem 
occurs or the player is deter- 
mined to be immune to multiple 
shocks. 

Newer function generators 
can create counted burst func- 
tions well into the thousands of 
cycles. In the example CD play- 
er, the control system’s recovery 
time was fast enough that inject- 
ing multiple 3-ms pulses caused 
no problems. 


f the CD player does 

“skip,” either because of 
mechanical shock or a scratched 
or dirty compact disc, the con- 
trol system must react to rees- 
tablish lock. If the disturbance is 
too severe, the player will stop 
altogether. A number of adjust- 
ments in a typical CD player, in- 
cluding loop gain and balance, 
affect the control system’s abili- 
ty to reestablish a particular 
track. Thus, a good measure of 
that performance is the “seek 
time” required. 

Distinguishing a good seek 
time from a bad one is a matter 
of customer expectations and 
the fundamental design charac- 


xZ: 6.677231152 s 


teristics of the control system. In 
the manufacturing environ- 
ment, the selected specification 
must be easy to obtain when ad- 
justment procedures are proper- 
ly followed. If the seek time gets 
too long, the loop parameters 
probably need to be “tweaked” 
again. 

The control system sends an 
“out-of-lock”’ signal to the mi- 
croprocessor while it reestab- 
lishes lock. The easiest way to 
measure the seek time is to re- 
cord this signal on a DSO in sin- 
gle-shot mode. The armed scope 
waits for the out-of-lock signal 
to occur. 

Then the operator uses the 
cursors to determine the seek 
time. In the example CD, 1.0 
seconds was the specified limit 
for an acceptable unit. A Fluke 
PM 3394 CombiScope with a 
time base set to 200 ms/div. was 
used to take the data (Fig. 2). 

Designers can also evaluate 
several parameters of a CD play- 
er’s oscillator by disabling or re- 
moving the oscillator and inject- 
ing a signal from a function gen- 
erator. More often than not, 
these oscillators are crystal os- 
cillators, with the crystal and os- 
cillator sealed in the same pack- 
age as a discrete component. A 
typical personal computer may 
have a dozen such oscillators. 

Function generators are often 
used as substitutes for oscilla- 
tors. DDS-based instruments, 
which deliver the frequency res- 
olution needed to precisely dial 


4 
6x: 6.077231152 s 
yl: 4.239261898 MHz yZ: 4.239187427 MHz dy:-13.67876980 Hz 
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§ “Trade shows are valuable, 
but I learn more from m 
industry publications.” 


Your customers and prospects 
agree that trade shows are worth 
attending. But they also agree 
that specialized business publica- 
tions are worth a great deal more 
to them. Because that’s where they 
find more of the important infor- 
mation they need to know. A 
recent study, conducted by the 
Forsyth Group, proves it. 

Almost 10,000 business and 
professional decision makers 
participated in the study. They 
were asked what sources they find 
most useful in providing informa- 
tion about the products and 
services they buy for their compa- 
nies. Trade shows, salespeople and 
direct mail were all well regarded. 
But overall, specialized business 
publications clearly took top 
honors. 

Trade magazines are also at 
the top of the list when you 
consider cost per contact. No 
other medium is more efficient. Or 
has more credibility. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017. 


Where business ABP 
goes shopping. 





FAST Track to FAST SCSI 


90’s Challenges. The 90’s demand higher 90’s Products. After over a decade of 90’s Solutions. The SCSI challenges of tl 
levels of performance and faster delivery industry leadership, NCR is still working 90’s can’t be solved with silicon alone. NC 
than ever. Time-to-market, technological hard to meet your needs and the challenges quality and service provide you with the 
demands, and changing user needs make of the 90’s. The NCR 53C90 family of SCSI competitive edge that can make your 
fast, simple SCSI seem as elusive as the Controllers is constantly evolving, industry leading designs a reality. Whether 
horizon. To stay ahead in these challenging implementing and offering state-of-the-art you require SCSI-1 or fast SCSI-2, in any 
times, you need products you can count on, products. For example, the NCR 53C90 system architecture, NCR has the product 
with proven ability to deliver the quality and family supports multiple bus architectures, meet your needs today. You can count on 
reliability your customers require. advanced SCSI-2 commands, fast SCSI data to keep you on the fast track with the righ 
transfers and provides our exclusive technology, at the right price, at the right 
TolerANT® SCSI driver and receiver time for all your SCSI requirements. 
technology, for reliable data transfers in 
every SCSI system. 


The NCR 53C€90 Family 


Single-bus architecture; SCS/ sequences controlled by 
hardware state machine to minimize host intervention 


Adds pass-through parity for increased system reliability : 


Adds split-bus architecture for more flexibility 
Adds support for differential transfers eee 


ESPONSE OUTSIDE THE 


CTIVE NEGATION TECHNOLOGY 








in the odd frequencies, possess 
the stability and accuracy of an 
internal crystal reference oscil- 
lator. An added advantage of 
DDS technology is that frequen- 
cies can be changed almost in- 
stantaneously and with no phase 
discontinuity, a feature especial- 
ly helpful during the “re-trace”’ 
of frequency sweeps or in simu- 
lating a frequency-shift-keyed 
signal. 

A sine wave is generally the 
best choice for oscillator substi- 
tution because of the narrow- 
band signal energy around the 
carrier frequency. Square 
waves, on the other hand, have 
sharp edges rich in harmonic 
content, which may cause non- 
linearity problems in the oscilla- 
tor. In the example CD player, 
the function generator injects a 
4.239-MHz sine wave in place of 
the oscillator (Fig. 1, again). 

Oscillator sensitivity can then 


be checked by determining the 
minimum drive level needed to 
operate the oscillator. This test 
is made easier by the fact that 
most newer DDS-based func- 
tion generators are remotely 
programmable, which means 


the output amplitude controls Newer function 

are also programmable. The generators can 

output vernier is replaced by 

fixed attenuators with much create counted 

higher accuracy and resolution. burst functions 
| eee this additional pre- well into the 

cision, the exact drive lev- thousands of 
el seen at the load depends en- cycles. 


tirely on its impedance. Note 
that the amplitude setting in 
some generators assumes an 
open (high-impedance) circuit 
and in others it assumes a 50-2 
load. Either way, the final check 
is always done with the trusty 
oscilloscope probing at the de- 
vice under test to determine the 
actual level. 
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With the function generator 
in sine-wave mode, the CD- 
player oscillator circuit needed a 
drive level of only 0.8 V p-p. 
With the crystal reinstalled, the 
signal level was well over 3 V p- 
p, so the player has plenty of 
margin in the oscillator for gain. 

The CD player’s tolerance to 
frequency drift can also be eval- 
uated easily by varying the gen- 
erator’s front-panel carrier fre- 
quency, again with no phase dis- 
continuity during each frequen- 
cy change. The player that was 
tested tolerated reference fre- 
quencies from 4.3 to 10.7 MHz 
with continued reliable opera- 
tion. Such a wide frequency 
range means that the design has 
no marginal timing problems to 
worry about. 

Even the least expensive crys- 
tal oscillator can deliver accura- 
cies exceeding 0.05%. The de- 
vice used in the CD player is a 





irect digital synthesis is a 
natural fit for the new gen- 
eration of function genera- 
tors, which are starting to 
replace both analog instruments 
and conventional synthesizers. 
DDS has two main advantages over 
its analog predecessors: extremely 
fine resolution and the stability of a 
crystal reference oscillator. And 
unlike synthesizers based on 
phase-locked loops, DDS instru- 
ments can change frequency al- 
most instantaneously and with no 
frequency discontinuity. 

Furthermore, because wave- 
forms are stored digitally, creating 
a large library of waveforms is rel- 
atively easy in the DDS-based in- 
strument. The waveform memory 
can be loaded with standard func- 
tions stored in ROM, or arbitrary 
waveforms can be loaded through 
an interface bus. 

The heart of a DDS system is the 
phase accumulator, which is noth- 
ing more than a long register that 
keeps track of the relative phase of 
the signal (see the diagram). The 
output frequency is set by control- 
ling the value in the phase-incre- 








HOW DIRECT DIGITAL SYNTHESIS WORKS 


ment register. 

Each phase increment is added to 
the value in the phase accumulator 
at a rate set by the instrument’s 
crystal clock oscillator. The phase- 
increment register determines how 
many clock cycles are needed to 
step through the signal’s entire 
phase, which in turn determines the 
output frequency. The larger the 
increment value, the higher the 
output frequency. 

The number of bits in the phase 
accumulator determines the instru- 
ment’s frequency resolution. For 


Front-panel 
frequency control 


Phase 


accumulator 


Adder (24 bits) 


clock 
oscillator 





example, a 24-bit phase accumula- 
tor provides 10-Hz resolution at 20 
MHz (7 digits). The most signifi- 
cant bits of the accumulator form 
the address that’s strobed out to 
the waveform memory. A 32-kbyte 
waveform memory depth corre- 
sponds to a 15-bit-wide address bus. 
The contents of the waveform 
memory are clocked out to the digi- 
tal-to-analog converter to generate 
the waveform. An analog low-pass 
filter may be switched in to sup- 
press sample-rate noise present at 
the output. 


Waveform 
memory 
(10 bits) 
Low-pass 
filter 
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simple AT strip resonator with 
0.05% frequency accuracy, 
which is adequate for the appli- 
cation. For improved stability 
over temperature, more elabo- 
rate (and expensive) oscillators 
are available. 

Clock jitter can also cause 
failures in digital systems that 
depend on complex timing rela- 
tionships synchronized to the 
clock. Because the entire CD 
player system is referenced to 
the oscillator, any uncertainty in 
timing relationships that show 
up as jitter will degrade the mu- 
sic quality. 

A noticeable amount of jitter 
was present in the oscillator sig- 
nal when it was examined with 
the CombiScope in analog 
mode. This timing jitter was ver- 
ified after some investigation 
with a PM 6680 frequency 
counter that measured the clock 
frequency at 600 readings/s. 
The jitter turned out to be peri- 
odic with a modulation frequen- 
cy of approximately 10 Hz as 
well as a 30-Hz frequency devi- 
ation (Fig. 3). The source of the 
jitter was found to be the main 
disk motor, which modulated 
the oscillator through the pow- 
er-supply line. 

Jitter can be simulated by 
function generators using fre- 
quency modulation. By setting 
the internal modulation fre- 
quency to 10 Hz in FM mode 
and varying the deviation level, 
the relative sensitivity of the CD 
player to clock jitter can be eval- 
uated. The PM 5139 can gener- 
ate frequency modulation as low 
as 0.01%, which corresponds to 


880-Hz p-p at the oscillator’s 
carrier frequency. 

To evaluate the upper margin 
that could be withstood by the 
system, the deviation was in- 
creased until the CD player 
stopped working. The unit han- 
dled a 10-kHz deviation without 
a noticeable failure. 

The more subtle effect of 
clock jitter on reproduced sound 
quality at lower deviation levels 
is also an important concern. 
But it can be evaluated only with 
more specialized audio-distor- 
tion analyzers. 


he key analog component 

in the otherwise digital CD 
player is the audio amplifier, 
which supplies line-level audio 
to drive a preamplifier or a pair 
of headphones. Although audio- 
amplifier testing has changed 
little over the years, function 
generators have new capabilities 
that make the process somewhat 
easier. 

For instance, amplifier testing 
is an excellent candidate for 
automation because the task re- 
quires gathering data over mul- 
tiple frequencies and amplitude 
levels. And because the ampli- 
tude vernier controls were re- 
placed with a programmable at- 
tenuator on DDS-based func- 
tion generators, voltage levels 
can be set faster and more accu- 
rately over the bus. In addition, 
frequency can be set over the bus 
with many digits of resolution 
and with stability typically in 
the 10 ppm range over time and 
temperature. 

The ready availability of in- 


4. The conventional 
amplifier frequency 
response (a) and voit- 
age transfer plots (b) 
are ideal applications 
for DDS-based func- 
tion generators. That’s 
because the instru- 
ments can be quickly 
programmed to create 
frequency- or ampli- 
tude-swept input sig- 
nals. 


strument-oriented program- 
ming environments, such as Na- 
tional Instruments LabWin- 
dows, and an existing library of 
instrument drivers makes the 
process of programming instru- 
ments easy enough to be done on 
an ad hoc project level. Graphi- 
cal-user-interface libraries pro- 
vided with LabWindows allow 
collected data to be plotted 
quickly. 

The type of bus interface a 
function generator should be 
equipped with depends on the 
application. The IEEE-488 bus, 
or GPIB, is best for applications 
involving multiple instruments 
under simultaneous control 
from one controller. It’s also 
suitable when lots of data must 
be transferred, like uploading a 
waveform from a scope to a PC. 
Addressing concerns are also 
handled on the bus level. 

RS-232, on the other hand, is 
much less expensive because ev- 
ery personal computer has one 
or two COM ports, and a func- 
tion generator requires relative- 
ly little bus traffic to control. 
Fortunately, function-generator 
vendors now commonly offer 
both GPIB and RS-232 inter- 
faces in the same instrument so 
the user can get the best of both 
worlds. 


&r’ test the CD player’s am- 
plifier, the function gener- 
ator was connected to the ampli- 
fier’s input. An oscilloscope or a 
digital multimeter (DMM) can 
record both the input and out- 
put peak-to-peak voltages need- 
ed to calculate the standard 
transfer functions. 

Newer generators offer a 
sweep mode that can test the 
amplifier’s frequency response. 
These units can be programmed 
in a data-collection loop that 
changes the generator frequency 
while a scope or DMM mea- 
sures the input and output volt- 
ages (Fig. 4a). Similarly, an am- 
plitude sweep can be pro- 
grammed to create an amplitude 
transfer plot at a fixed frequency 
(Fig. 4b). 

The example amplifier was 
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tested in-circuit and the fre- 
quency roll-off was largely gov- 
erned by the CD player’s antia- 
lias filter, which is a simple ana- 
log RC network that rejects the 
44-kHz sample noise. Higher- 
end CD players employing over- 
sampling techniques will have 
audio amplifiers with frequency 
responses extending well above 
100 kHz. 


irectly connecting a func- 

tion generator to the input 
of an audio amplifier will likely 
affect the amplifier’s bias point. 
That’s because function genera- 
tors have dc-coupled outputs in 
order to ensure good low-fre- 
quency flatness. In fact, DDS- 
based function generators ex- 
tend low-end coverage well into 
the microhertz range. 

For the tests on the example 
CD player, this problem was 
solved by using the function gen- 
erator’s dc offset to match the dc 


Turn your 


excess inventory 

into a tax break 
and help send needy 

kids to college. 


Call for your 
free guide 
to learn how donating your 
slow moving inventory 
can mean a generous 
TAX WRITE OFF 
for your company. 


Call (708) 690-0010 


AS 


P.O. Box 3021, Glen Ellyn, IL 60138 
Fax (708) 690-0565 


bias point of the amplifier. The 
point was measured as 6.8 V bya 
digital multimeter. The dc bias 
levels in newer function genera- 
tors are programmable and can 
be set by a separate digital-to-an- 
alog converter that typically 
provides 100-mV resolution. 
Matching bias levels is accept- 
able for low-voltage applica- 
tions, such as this one. 

However, users must be care- 
ful not to back-bias a function 
generator. Although most func- 
tion generators incorporate pro- 
tective relays or “crowbar”’ di- 
odes in the output, their ability 
to provide absolute protection is 
limited. Needless to say, a dam- 
aged output amplifier is one of 
the most common reasons a 
function generator is returned 
for service. 

Unfortunately, ac coupling is 
often necessary for higher-volt- 
age applications or sensitive cir- 
cuitry that objects to the low-im- 


"I’m a vice president because I sold 22,000 gizmos 
this year. How'd you become a v.p.?" 


Excess inventory today...student opportunity tomorrow 





pedance load. Although ac cou- 
pling has the disadvantage of 
low-frequency roll-off, a block- 
ing capacitor between the gener- 
ator and amplifier will work if 
the user is interested only in the 
amplifier’s high-frequency roll- 
off in the 20-kHz to 100-kHz 
range. 


Douglas Barker, product mar- 
keting manager with the Fluke 
Corp., received a BSEE and 
MSEE from the University of 
Michigan, Ann Arbor, and an 
MBA from the University of 
Washington, Seattle. Before join- 
ing Fluke, Barker was a manu- 
facturing development engineer 
with the Hewlett-Packard Co. 


HOW VALUABLE? 
HIGHLY CIRCLE 527 


MODERATELY CIRCLE 528 
SLIGHTLY CIRCLE 529 





"I made a great deal on the 200,000 
gizmos you didn’t sell last year.” 


ELECTRONIC DESIGN # TEST & MEASUREMENT SPECIAL EDITORIAL FEATURE ® DECEMBER 2, 1993 





TEST & MEASUREMENT 


VW FUNCTION GENERATOR HAS 

VERSATILE SWEEP ABILITY 
The 2-MHz PM 5135 function genera- 
tor possesses a versatile sweep func- 
tion with a logarithmic characteristic 
and a continuously variable sweep 












ratio of from 1 to 2000. Users can se- 
lect single or continuous sweeps. 
Sweep range is 3.5 decades, and the 
sweep period is continuously adjust- 
able from 10 to 150 seconds. Users 
can manually trigger the sweep with 
a pushbutton or use an external 
source. Attenuation includes a 0-to- 
60-dB range in 10-dB increments, and 
a 0-to-20-dB continuous adjustment. 
Sine, triangle, and square waves are 
pushbutton selected, and duty cycle 


is a standard 50%. A +10-V de offset 
is available. The offset can also be 
produced without an ac component. 
The PM 5135 costs $795, with deliv- 
ery in four weeks. 

Fluke Corp. 

P.O. Box 9090 

Everett, WA 98206-9090 

(206) 847-6100 

> CIRCLE 503 


VW 8.5-DIGIT DMM OFFERS 

WIDE DYNAMIC RANGE 
The Model 2002 digital multimeter 
delivers 8.5-digit resolution without 
extensive averaging or filtering. The 
result is a faster response to small 
input changes and a broad dynamic 
range so users can measure from 0.1 
uV to 20 V on one range, minimizing 
range-shift errors. The unit’s ac volt- 
age bandwidth is 1 Hz to 2 MHz, and 
an ac crest factor capability warns if 
the signal’s crest factor (the peak-to- 
rms ratio) is affecting specified accu- 
racy. Frequency measurements to 
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15 MHz can be made with an adjust- 
able trigger. The meter can take 44 
readings per second at full accuracy, 
and more than 2000 readings per sec- 
ond at 4.5-digit resolution. A back- 
panel option slot accepts one of a 
number of application-specific mod- 
ules. One option is a 1-pV, 100-pN 
preamp. Also, two multiplexer cards 
eliminate the need for a separate 
scanner. The Model 2002 costs $4995, 
with delivery within six weeks. 
Keithley Instruments Inc. 

28775 Aurora kd. 

Cleveland, OH 44139 

(800) 552-1115 

(216) 248-0400 

> CIRCLE 504 





ELECTRONIC DESIGN # TEST & MEASUREMENT SPECIAL EDITORIAL FEATURE # DECEMBER 2, 1993 


We improved our line 
of voltage references 
by making one 
tiny adjustment. 
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LM4040 LM4431 LM9140 LM4041 Here’s the big difference: 
Initial Voltage Tolerance (%) = +0.1, 40.2, 40.5, +1.0, 42.0 42.0 +05 40.1, 40.2, +0.5, 41.0, 42.0 Our new LM4041 is the only 
Voltage Options (V) ~~ 2.5, 4.096, 5.0, 8.192, 10.0 2.5 2.5, 4.096, 5.0, 10.0 Adjustable, 1.2 


EE adjustable voltage reference 
Tempco (max) — 100ppm/°C, 150ppm/°C 30ppm/°C (typ) 25ppm/°C 100ppm/°C, 150ppm/°C 


in a subminiature SOT-23 
Packages SOT-23, SO-8, TO-92 SOT-23 TO-92 SOT-23, SO-8, TO-92 


Temp range _— -40°C to +85°C 0°C to +70°C -40°C to +85°C -40°C to +85°C P ackage. So it's the only 
Price (100 pc) $0.79 $0.69 $1.75 $0.79 reference that combines the 


smallest footprint with the 
flexibility to adjust for a wide range of voltages 
(1.24V to 10V). The LM4041 is the latest upgrade 
to our line of high-performance, easy-to-use 
voltage references—a family that now includes 
both general-purpose devices as well as high- 
precision references like our new LM9140. And 
they’re all available in a wide variety of voltage 
ranges and packages. To find out more, call us 
at 1-800-NAT-SEMI (628-7364) Ext. 245. We'll 
send you free samples, along with datasheets 
and a complete reference family selection guide. 
That’s the big deal. 


ZA National 
Semiconductor 
©1993 National Semiconductor Corporation. 


NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 
(Tel: 1-800-628-7364, Ext. 245; Fax: 1-800-888-5113) 
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In-Circuit Emulators and Background Debuggers 










Microsoft Windows 3.X based user interface 





Speed bar (point and click) 


ee SS eee eee LL 
= Config Registers Window eee O-line help 


| ~[=ii=| —_CAEMUL30 TROL.H32\t 
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disassembler, 868005F6: 7002 HOVEQ.L $2,008 Zz 
5 2 S6GG85F8: BaB2 CHP..L D2,D8 Z Auto Kathy p = Struct, p; 
in-line G0086SFA: 6EF2 BGT .B $See a fute Kathy p ->Intt=1; 
ROSETTES 4CD7O41C MOVEN.L (A7),A2/D4-D2 sf Auto Kathy p ->En=a; ; 
assembler 86880668: 4ESE UNLK &6 it = fluto_ Kathy p ->Int2 petStruct_p->intt; 
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Window 86660684: 4ES6FFF4 isalpha: LINK.W AG, HUSFEFY : futo Kathy p ->next = fAute Kathy p; 
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“ontext sensitive Help Line Trace Buffer Window C Call Stack 


8051 68HCII1 
Full support for all derivatives. 
Call for FREE demo disk. 






To learn more, please call (408) 866-1820 for a FREE 
Demo Disk. Or call our 24-hour Information Center at 
(408) 378-2912 for information via your fax. 

Campbell, CA 95008 


Tel (408) 866-1820 


CORPORATION fax (408) 378-7869 


51 E. Campbell Avenue 





Australia (02) 654 1873, Austria 0277 20-0, Benelux (01858) 16133, Brazil (011)-458-8755, Canada 1-514 
689-5889, Czechoslovakia 0202-2683, Denmark 43 44 60 10, Finland 90-4526-21, France (1) 69 41 
28 01, Germany 08131-25083, Great Britain 0962-733140, Greece (01) 862 9901, Hungary (1) 163 7461, 
india (0212) 422164, Israel (03) 491202, Italy (011) 771 00 10, Korea (032) 860-5470, New Zealand 
09-3092464, Norway 02-67 40 20, Portugal 01-80 95 18, Romania 961-30078, Singapore +65 749-0870, 
Slovenia 061-445-526, S. Africa (021) 23-4943, Spain (93) 217 23 40, Sweden 040-92 24 25, Switzerland 
01-740 41 05, Taiwan 02 7640215, Thailand (02) 281-9596. 
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v ASIC TESTER COMBINES 
PERFORMANCE, ECONOMY 
The J921 VLSI production test sys- 
tem targets high-performance 
ASICs. The system can handle de- 
vices with up to 512 I/O pins, and op- 
erates at frequencies to 150 MHz, 


Se = 





with data rates to 300 MHz and edge- 
placement accuracy to £300 ps. A 
scan-path option is available. The 
J921 achieves high performance and 
economy with a design that aims spe- 





cifically at ASIC test rather than 
more general IC testing. For exam- 
ple, a Palette-Per-Pin timing system 
permits on-the-fly switching of de- 
vice timing values without the more 
costly timing generators used in con- 
entional VLSI testers. A J921 config- 
ured for devices with up to 256 pins 
starts at about $1.2 million, Typical 
delivery is in 16 to 18 weeks. 

Teradyne Inc. 

Semiconductor Test Div. 

30801 Agoura Alls Rd. 

Agoura Hills, CA 91301 

(818) 991-2900 

> CIRCLE 505 


v SBUS I/0 BOARD DOES 
25-MFLOPS PROCESSING 

The SB-A2200 plug-in board for Sun 
Sparestations offers two 16-bit ana- 
log inputs and two analog outputs 
along with 25 MFLOPS of process- 
ing power. Two input channels atten- 
uate input signals 90 dB in one-sixth 


FUNCTION GENERATORS 


,triangle, —Lin 
Square, ramp, —_logari 
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octave. A 93-dB signal-to-noise ratio, 
~95-dB total harmonic distortion, and 
+0.050 amplitude flatness allow 
high-accuracy acquisition from de to 
22 kHz. An on-board AT&T DSP3210 
digital signal processor runs at 50 
MHz and has 2 kwords of fast on- 
chip SRAM, 128 kwords of fast 
SRAM, or 512 kwords of psuedo- 
SRAM. The board comes with NI- 
DSP, a DSP library of functions for 
ANSI C compilers for Solaris 1.X and 
2.X; NI-DAQ, a library of functions 
for Sbus-based acquisition boards; 
and Spectrum Ware, a virtual instru- 
ment for dynamic signal acquisition 
and analysis, including total harmon- 
ic distortion and frequency response. 
The SB-A2200 costs $2495. 

National Instruments Inc. 

6504 Bridge Point Pkwy. 

Austin, TX 78730-5039 

(800) 433-3488 

(512) 794-0100 

> CIRCLE 506 


TRUE +3V RS-232 IC REDUCES 
POWER 8 TIMES! 


Complete Serial Port Runs at 120kbps & Drives a Mouse @ 3.0V!—GUARANTEED 


Maxim's new MAX212 has the highest data rate and the lowest power of any 3V RS-232 IC. And, 
the MAX212 is the only +3V RS-232 transceiver powerful enough to drive a mouse at 3.0V! 


120kbps DATA RATE—GUARANTEED! REDUCE POWER 8 TIMES! 


i 
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80 100 120 140 160 180 200 
DATA RATE (kbps) 





A regulated output stage guarantees RS-232 output levels The MAX212's proprietary architecture reduces power 
are met; even at 120kbps! 8 times! 


Select the Low Power +3V RS-232 Transceiver for Your Design 


| | Oe | et 
ee tk | trepecmromaw 
oe, ee ee 


WIEACE  SBANCE) FREE interface Design Guide—Sent Within 24 Hours! 


ESIGN GUIDE $ 
tions Notes + Free Samp! 


oles 
True 3V RS-232 IC Reduces Power 8x! in clud i S iw D t Sh 

Complete Serial Port Runs at 120kbps & Drives a Mouse at 3.0V 

: z : Uala oEEtS ad GaPras [OP Free oaipies 


CALL TOLL FREE 1-800-998-8800 


= SE ee | For a Design Guide or Free Sample 
+5V CMOS RS-232 ICs Survive +10kV MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 


ESD Strikes—Guaranteed! 
1/O Port Resistant to ESD with No Latchup 


Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX(408) 737-7194. 


Distributed by Arrow, Bell, Digi-Key, Elmo, Hamilton Hall-Mark, and Nu Horizons. Authorized Maxim Representatives: AL, M-Squared, Inc.; AZ, Techni Source Inc.; CA, Mesa, 
Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, NRG Limited; DE, TA! Corporation; FL, Sales Engineering Concepts; GA, M-Squared, Inc.; ID, E.S. Chase; IL, 
Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD, Micro-Comp, Inc.; MA, Comp Rep Associates: 
MI, Micro Tech Sales; MN, Mel Foster Technical Sales, Inc.; MS, M-Squared, Inc.; MO, Delitron; MT, E.S. Chase; NE, Delltron; NV (Reno, Tahoe area only) Pro Associates, Inc.; NH, 
Comp Rep Associates; NJ, Parallax, TAl Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M-Squared, Inc.; OH, Lyons Corporation; OK, BP Sales; OR, E.S. 
Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TAI Corporation; SC, M-Squared, Inc.; TN, M-Squared, Inc.; TX, BP Sales; UT, Luscombe Engineering Co.: VA, 
Micro-Comp, !nc.; WA, E.S. Chase; WI, Heartland Technical Marketing, Inc. 

Distributed in Canada by Arrow. Authorized Maxim Representative in Canada: Tech Trek. 

Maxim is a registered trademark of Maxim Integrated Products. © 1993 Maxim Integrated Products 
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2ns COMPARATORS 
RESOLVE 3mV SIGNALS 
WITH NO OSCILLATION 


Propagation Delay Independent of Overdrive 


Maxim's new MAX905/MAX906 and MAX915/MAX916 are the first ultra high-speed, precision, single and 
dual ECL and TTL compatible comparators to eliminate oscillation caused by unwanted parasitic feedback. 
Unlike other comparators, the master/slave architecture resolves input voltages as small as 2mV (MAX915) 
to 3mV (MAX905) over its common-mode range, and propagation delay is independent of input overdrive. 
No dispersion!” This eliminates synchronization problems common with industry standard comparators. 





@ Immune to Oscillation 


¢ 2ns Propagation Delay 
(MAX905/MAX906) 


¢ Single or Dual Supply 
Operation 


¢ 7.9V Input Voltage 


Range Includes 
Ne g ative Rail Master/slave D-flip/flop prevents oscillation and resolves signals as low as 3mV. 


BREAK OUTPUT-TO-INPUT FEEDBACK 


pos 


Se 


CLK CLK 





Choose From Maxim's Special-Function Comparator Solutions 


Prop Single- 
Comparators Delay Input No Supply 
Device | Description per pkg Logic (ns) Resolution Dispersion* Capability 


MAX915 Ec 

MAX916 Dual 

MAX910 _8-bit Digital Threshold Control 
MAX911 88-bit Digital Threshold Control 


“Dispersion is the change in propagation delay from 3mV to 1V input overdrive. 





»s, | FREE Op Amp/Comparator Design Guide—Sent Within 24 Hours! 


Samp 


pee Includes: Data Sheets and Cards for Free Samples 
Output Swings Rail-to-Rail, Drives 2000 Times Supply Current 
Tirariassear | om a iY 

: 


CALL TOLL FREE 1-800-998-8800 
pee For a Design Guide or Free Sample 
Op Amp for SB Syateme MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX(408) 737-7194. 


Distributed by Arrow, Bell, Digi-Key, Elmo, Hamilton Hallmark, and Nu Horizons. Authorized Maxim Representatives: AL, M-Squared, Inc.; AZ, Techni Source Inc.; CA, Mesa, 
Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, Comp Rep Associates; DE, TA! Corporation; FL, Sales Engineering Concepts; GA, M-Squared, Inc.; ID, E.S. 
Chase; IL, Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD, Micro-Comp, Inc.; MA, Comp Rep 
Associates; MI, Micro Tech Sales; MN, Mel Foster Technical Sales, Inc.; MS, M-Squared, Inc.; MO, Delltron; MT, E.S. Chase; NE, Delltron; NV (Reno, Tahoe area only) Pro 
Associates, Inc.; NH, Comp Rep Associates; NJ, Parallax, TAl Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M-Squared, Inc.; OH, Lyons Corporation; 
OK, BP Sales; OR, E.S. Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TA! Corporation; SC, M-Squared, Inc.; TN, M-Squared, Inc.; TX, BP Sales; UT, 
Luscombe Engineering Co.; VA, Micro-Comp, Inc.; WA, E.S. Chase; WI, Heartland Technica! Marketing, Inc. 

Distributed in Canada by Arrow. Authorized Maxim Representative in Canada: Tech Trek. 

Maxim is a registered trademark of Maxim Integrated Products. © 1993 Maxim Integrated Products 
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‘VW FUNCTION GENERATOR HAS 






1% SINE-WAVE DISTORTION 
The Model 2006 sweep-function gen- 


erator features less than 1% sine- 
wave distortion from 10 Hz to 200 
kHz, with an overall frequency 
range of 0.2 Hz to 2 MHz. Besides 
sine waves, the unit outputs square, 
triangle, ramp, and TTL functions. 
Sweep outputs are possible using an 
external VCO signal or the internal 
rate and width controls, which allow 
independent control of the sweep 
width up to 100:1 and of the sweep 
rate from 15 ms to 2.5 seconds. A 
time-symmetry control creates duty 
cycles from 20% to 50%. The maxi- 
mum amplitude of 10 V p-p into 50 0 
can be attenuated with a fixed 30-dB 
attenuator. A dc offset is adjustable 
from —-5 to +5 V into a 50-0 load. The 
Model 2006 retails for $279.95 and is 
available from stock. 

Global Specialties 

70 Fulton Terr. 

New Haven, CT 06512 

(800) 572-1028 

> CIRCLE 507 


v BER TESTER HANDLES 
12-GBIT/S SYSTEMS 

The HP 71612A bit-error-rate (BER) 
tester system includes pattern gen- 
erators, error detectors, and error 
performance analyzers needed to ad- 
dress the growing number of high- 
speed digital applications at up to 12 
Gbits/s. The system’s high speed 
and 8-Mbit user-programmable pat- 
tern size allow simulation of multiple 
Sonet and SDH frames at the STS- 
192 and STM-64 (9.953 Gbits/s) trans- 
mission rate. Margin testing of sys- 
tems carrying line rate overhead can 
be made to 12 Gbits/s. An error loca- 
tion analysis (ELA) option helps 
identify the cause of pattern-depen- 
dent errors. The HP 71612A costs 
$399,600, and the ELA option costs 
$33,300. Delivery is in 12 weeks. 

Hewlett-Packard Co. 

Direct Marketing Organization 

P.O. Box 58059 

MS51L-SJ 

Santa Clara, CA 95051-8059 

(800) 452-4844 

> CIRCLE 508 
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VW UNIT ANALYZES DIGITAL 
MODULATION TO 2.7 GHZ 
The ME2627B Digital Modulation 
Signal Analyzer has a frequency 
range of 10 MHz to 2.7 GHz, making 
it suitable for testing digital cellular 
and digital cordless telephones. The 
system can analyze and measure dig- 
ital modulation parameters like fre- 
quency, phase error, modulation ac- 
curacy, and amplitude envelope. It 
supplies 7/4 DQPSK and GMSK 
modulated signals, and can change 
measuring conditions, filter type, 
sampling points, and display. Re- 
sults can be displayed in various 
forms, including spectrum analyzer, 
eye-pattern, constellation, and trel- 
lis. The input level range is —10 to 
+20 dBm; phase error accuracy 1s 
less than 1°rms and less than 4° peak; 
frequency error is less than 5 Hzat1l 
GHz. The ME2627B costs $125,778. 

Anritsu Wiltron Sales Co. 
685 Jarvis Dr. 

Morgan Hill, CA 95037-2809 
(408) 776-8300 

> CIRCLE 509 


RAM PROTECTION IC 
ONSUMES ONLY 230A 


Write Protection & Battery Backup in an 8-pin SOIC 





The MXD1210 converts CMOS RAM into nonvolatile memory by connecting the higher of two 
backup batteries to the RAM Vcc during power failures. By gating the RAM's enable signal CE, 
the MXD1210 prevents spurious write operations during power failures. 





© Low Isuppty - } 
230pA in Operating mode CONVERT RAM TO NONVOLATILE MEMORY 
2nA in Backup mode 
e Backup Switchover With 
Redundant Battery Option 
‘ FROM 
e 20ns max Chip Enable EpriEss 
Prop Delay 
© 6% or 10% power fail 
trip thresholds 
e Smallest package — 
8-pin SOIC 
e Second-source to DS1210 
available in 8-pin DIP sable enatepaen ease ae 
or 10-pin SOIC lower, and the 8-pin SOIC package is only 1/4 the size of the 


DS1210 16-pin SOIC. 


rswensovenace)) S| FREF WP Supervisory Design Guide—Sent Within 24 Hours! 


SI 
uP Supervisors Offer 10ns Max 


CE Delay, +2% Power-Fail Accuracy : ii cl ry g a 
eas ; des: Vala oN€etS ad Lards [Or Free oalMpies 


CALL TOLL FREE 1-800-998-8800 


as = For a Design Guide or Free Sample 
Monitor Five Voltages with MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 


Highest Precision, Lowest Power 
or epee pee ase cert A motes id apt e 


Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX(408) 737-7194. 


Distributed by Arrow, Bell, Digi-Key, Elmo, Hamilton Hallmark, and Nu Horizons. Authorized Maxim Representatives: AL, M-Squared, Inc.; AZ, Techni Source Inc.; CA, Mesa. 
Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, Comp Rep Associates; DE, TA! Corporation; FL, Sales Engineering Concepts; GA, M-Squared, Inc.; ID, E.S. 
Chase; IL, Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD, Micro-Comp, Inc.; MA, Comp Rep 
Associates; Ml, Micro Tech Sales: MN, Mel Foster Technical Sales, Inc.; MS, M-Squared, Inc.: MO, Delltron; MT, E.S. Chase; NE, Delltron; NV (Reno, Tahoe area only) Pro 
Associates, Inc.; NH, Comp Rep Associates; NJ, Parallax, TAl Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M-Squared, |Inc.; OH, Lyons Corporation; 
OK, BP Sales; OR, E.S. Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TA! Corporation; SC, M-Squared, Inc.; TN, M-Squared, Inc.; TX, BP Sales; UT, 
Luscombe Engineering Co.; VA, Micro-Comp, Inc.; WA, E.S. Chase; WI, Heartland Technical Marketing, Inc. 

Distributed in Canada by Arrow. Authorized Maxim Representative in Canada: Tech Trek. 

Maxim is a registered trademark of Maxim Integrated Products. © 1993 Maxim Integrated Products 
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VW BOARD TESTERS OFFER 

WIDE PERFORMANCE RANGE 
A six-member family of board tes- 
ters offers users a wide range of 
choices to accommodate various lev- 
els of board complexity and different 
test strategies. The series includes 
three performance levels, each with 
two systems: one aimed at small to 
midsize boards (256-1920 pins) and 
one for midsize to large-scale boards 
(640-8840 pins). The testers handle 
analog, digital, mixed-signal, and 
memory testing tasks. The Combo I 
level testers do traditional in-circuit 
tests, while the Combo II level units 
perform combinatorial testing. The 
Xtended Performance systems do 
performance combinatorial testing. 
The first two levels feature clock 
speeds and synchronization frequen- 
cies to 20 MHz and driver/sensor 
memories of 16 kvectors. The Xtend- 
ed Performance models run to 50 
MHz and have 32-kvector memories. 
Prices start below $100,000. 

GenRad Ine. 

300 Baker Ave. 

Concord, MA 01742-2174 

(508) 369-4400 
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VW BACKLIT LCD DISPLAY 
HIGHLIGHTS 200-MHZ DSO 

A 6-in. (diagonal) backlit color LCD 
screen delivers a bright, clear dis- 
play of signals, text, cursors, and 
graticules on the Model 500 digital 
storage oscilloscope. The 2-channel 
scope offers a 200-MHz analog band- 
width for repetitive signals and a 
200-Msample/s sampling rate for 





transient capture. Waveform-pro- 
cessing capabilities include pulse-pa- 
rameter calculations on live or 
stored traces, averaging, limit test- 
ing, analysis and post-storage signal 
filtering, and mathematical opera- 
tions. Data can be output to printers, 
plotters, or computers. IEEE-488 
and RS-423 interfaces are standard. 
The Model 500 costs $3995, and an op- 


tional internal plotter goes for $495. 
Delivery is in 6 weeks. 

Gould Inc. 

Test & Measurement Group 

8333 Rockside Rd. 

Valley View, OH 44125 

(216) 828-7000 
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v FAST 1/0 DEVICE USES 

ENHANCED PARALLEL PORT 
The DaqBook/200 offers 16-bit, 100- 
kHz data acquisition and 500-kbyte/ 
s bidirectional communications with 
a notebook PC through the comput- 
er’s enhanced parallel port (EPP). As 
an enhanced version of the standard 
Centronics-type parallel port, the 
EPP supplies true bidirectional, 
high-speed communication between 
the PC and the external DaqBook/ 
200. The device also supports stan- 
dard parallel ports. The DaqBook/ 
200 has 16 analog-to-digital chan- 
nels, 2 digital-to-analog channels, 24 
digital I/O channels, 16 high-speed 
digital inputs, and 5 counter-timer 
channels. It comes with Dag View2, a 
Windows-based data-acquisition 
software package that saves ac- 
quired data directly to disk or seam- 
lessly transmits it to other Windows 
applications. Also included is a pro- 
grammable-gain input amplifier. 
The DaqBook/200 costs $1995. De- 
livery is within two weeks. 

IOtech Ine. 

25971 Cannon Fd. 

Cleveland, OH 44146 

(216) 489-4091 
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VW SIGNATURE ANALYZERS 
DO AUTOMATED TESTS 

A pair of analog signature analyzers 
use a powerful signature digitization 
technique to automate the fault-find- 
ing function. The T4040 and T4080 of- 
fer 40 and 80 test channels, respec- 
tively. Three test modes include 
automated test, which compares a 
faulty module with a previously cap- 
tured known-good signature. Also, 
dual-port operation compares a bad 
board with a known-good board, us- 
ing either automated diagnosis or a 
visual display of the signatures. 
Lastly, conventional manual opera- 
tion allows interactive probing and 
visual signature analysis. The units 
feature a virtual instrument inter- 
face, with control and display provid- 
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ed by any standard VGA-compatible 
PC over aserial link. The T4040 costs 
$3750, and the T4080 costs $4750. 

Polar Instruments 

522 Sprague Valley Dr. 

Sumas, WA 98295 

(206) 599-1430 
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7 TRAINING KIT TEACHES 

BOUNDARY-SCAN METHODS 
A boundary-scan training kit, called 
the proTEST Training Kit, allows de- 
signers to become familiar with 
boundary-sean test techniques be- 
fore producing their own target. The 
kit includes a target board, a bound- 
ary-scan controller, test-develop- 
ment tools, exercises, and a tutorial. 
Users can write tests for the training 
target, which is a known-good board 
containing boundary-scan circuitry. 
The tools in the kit are similar to 
those that come with the proTEST 
Test Development Systems. The 
tests are executed in hardware by 
the ScanJack boundary-sean control- 
ler, which plugs into the parallel port 
of any DOS-compatible personal 
computer. The proTEST Training 
Kit is priced at $995 in the U.S. and 
slightly higher in Asia and Europe. 
Delivery is in 30 days. 

Alpine Image Systems Inc. 

821 Riverside Dr. 

Los Altos, CA 94024 

(415) 941-8247 
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VW BENCHTOP DMMs OFFER 
HIGH DC ACCURACY 

A pair of benchtop digital multi- 
meters offer 4.5-digit resolution with 
0.05% accuracy for measurements to 
200 V de. The DM-342B and DM-343B 
measure voltage to 1000 V de and 750 
V ac, current to 10 A ac and dc, resis- 
tance to 20 MOQ, and frequency to 200 
kHz. Other features include data 
hold, diode check, continuity test, 
transistor H,, check, and battery 
test. The DM-848B also includes true 
rms measurements, a relative mode, 
min/max recording, and an RS-282C 
interface. An IEEE-488 interface is 
optional. The DM-342B costs $199.95, 
and the DM-348B goes for $279.95. 

Goldstar Precision Co. Ltd. 

13013 EK. 166th St. 

Cerritos, CA 90701 

(310) 404-0101 
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NO SUBHARMONIC NOISE! 
4° EFFICIENT DC-DC STEP-DOWNS 
POWER WIRELESS SYSTEMS 








Internal Switches and Surface-Mount LOW-NOISE, COMPACT STEP-DOWN 
Packages Save Space pay IS 94% EFFICIENT 
Compact size, battery-saving features, and low-noise oe be : V+ LX va 
make this new family of pulse-width modulated (PWM) LT axum : 
step-down DC-DC converters ideal for portable communi- oh Heese 
cations and wireless applications. These drop-in SHDN =—«OUT 


replacements for Maxim‘s popular MAX730-family deliver 
up to 50% more output current, are free of subharmonic 
switching noise, maintain up to 94% efficiency, and are 
lower priced. And, the MAX744A has guaranteed 159kHz 
to 212.5kHz oscillator limits to avoid interference in the 








sensitive 455kHz IF band. External component selection NO SUBHARMONIC NOISE 
has already been optimized to simplify design work. OVER WIDE OPERATING RANGE 
¢ No Subharmonic Switching Noise with if 

Low VIN-VOUT Differentials E 
@ 88% - 94% Efficiency e - NO SUBHARMONIG 

: eae NOSE 
¢ Compact SOIC Footprint E / FRG OF EATON s 
¢ Up to 750mA Output Currents, Guaranteed Eee 
¢ Logic-Controlled 6)A Shutdown INPUT VOLTAGE ( 
rs 5V, 3.0V, or Adjustable Outputs The MAX744A exhibits no subharmonic switching noise over a wide 
input voltage and output current range. 

(1.25V to VIN) 

Evaluation Kits Available‘ SPECTRAL ANALYSIS OF MAX744A 


OUTPUT VOLTAGE aus VS. Bis aecael 


NO SUBHARMONIC SPECTRAL ~ 
: CONTENT BELOW ~~ C 
- 
Vor. 

lout =500mA | 

. Noise = 5dB/DIV .... 











OUTPUT INPUT > 
P 52V-11V ets | 
fen | vere | RB 
$2.60 


meas 4, FREE Power Supply Design Guide—Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


Fast-Chargo NiC4 & NIMH Batterion For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 


MA AAIL/VI 


Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX(408) 737-7194. 


Distributed by Arrow, Bell, Digi-Key, Elmo, Hamilton Hallmark, and Nu Horizons. Authorized Maxim Representatives: AL, M-Squared, Inc.; AZ, Techni Source Inc.; CA, Mesa, 
Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, Comp Rep Associates; DE, TA! Corporation; FL, Sales Engineering Concepts; GA, M-Squared, Inc.; ID, E.S. 
Chase; IL, Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; MD, Micro-Comp, Inc.; MA, Comp Rep 
Associates; MI, Micro Tech Sales; MN, Mel Foster Technical Sales, Inc.; MS, M-Squared, Inc.; MO, Delltron; MT, E.S. Chase; NE, Delitron; NV (Reno, Tahoe area only) Pro 
Associates, Inc.; NH, Comp Rep Associates; NJ, Parallax, TAl Corporation; NM, Techni Source Inc.; NY, Parallax, Reagan/Compar; NC, M-Squared, |Inc.; OH, Lyons Corporation; 
OK, BP Sales; OR, E.S. Chase; PA (Pittsburgh area) Lyons Corporation, (Philadelphia area) TA! Corporation; SC, M-Squared, Inc.; TN, M-Squared, Inc.; TX, BP Sales; UT, 
Luscombe Engineering Co.; VA, Micro-Comp, Inc.; WA, E.S. Chase; WI, Heartland Technical Marketing, Inc. 

Distributed in Canada by Arrow. Authorized Maxim Representative in Canada: Tech Trek. 

*1000up, US recommended resale, commercial temperature range PDIP devices. Maxim is a registered trademark of Maxim Integrated Products. © 1993 Maxim Integrated Products 
+ Order MAX738EVKIT-DIP or MAX738EVKIT-SO and appropriate free sample. 
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10kHz 100kHz 


The MAX744A output voltage noise spectra shows no switching noise 
below the 200kHz fundamental switching frequency. 














in Under 1 Hour 











This Is A New House 





Or a college education. Or a comfortable retirement. It’s the secure feeling you 
get knowing that you're providing for your family and your future. It’s a U.S. Savings 
Bond, and it pays competitive interest rates with a guaranteed minimum rate of return 
when held five years or more. For more information, pick up a free Buyer’s Guide at 
your local bank and ask about the Payroll Savings Plan where you work. 


USS. Savings Bonds 


A public service of this publication. 
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V REMOTE NETWORK MONITOR 
HELPS WITH DIAGNOSTICS 
The IDMS-3013 Remote Segment 
Monitor is the first offering in the In- 
ternetwork Diagnostics & Monitor- 
ing System (IDMS) family. The in- 
strument implements all nine stan- 
dard functional groups of the Re- 
mote Monitoring Management 
Information Base. Data gathered in- 
cludes packet counts; collision, error, 
and broadcast rates; and the top 10 
talkers and error producers. User- 
defined data captures provide his- 
torical information for trend analy- 
sis and network planning. A graphi- 
cal user interface displays all results 
as tables, graphs, or dials. The unit 
canrunas astandalone management 
station or with SunConnect’s Sun- 
Net Manager. Other platforms will 
be supported in the future. The 
IDMS-30138 is priced at $2800; the 
IDMS Manager software costs 

$3500. 
Wandel & Goltermann 
Technologies Inc. 
1030 Swabia Ct. 
Research Triangle Park, 
NC 27709 
(919) 941-5730 
> CIRCLE 626 


VY MULTIFUNCTION METER 
DOES DATA ACQUISITION 
The 8017 multifunction meter makes 
a number of standard measure- 
ments, and can perform controlled- 
measurement data acquisition with 
an optional 80-channel scanner. The 





unit measures ac and de voltage and 
current, 2-wire and 4-wire resis- 
tance, frequency, period, and tem- 
perature (using platinum-tipped 
probes or thermal elements). The ac 
readings are determined simulta- 
neously as true effective values and 
pure peak and average values, in- 


cluding crest factor. Resolution is 7.5 


digits. Sample times can be set be- 
tween 1 ms and 100 seconds. The unit 
can store 100,000 measurement val- 
ues per sampling sequence. An 


[EEE-488, RS-232, and Centronics in- 
terface are built in. The 8017 costs 
$3600. The optional scanner is $1200. 

Prema Precision Electronic Inc. 

4650 Arrow Hwy. 

Bldg. E-5 

Montclair, CA 91763-1217 

(800) 441-0305 

(909) 621-7292 

> CIRCLE 627 


Vv SiMULATOR EMULATES 
ESCON DEVICES 

The ChannelScope 9120 simulator is 
a development and testing instru- 
ment for Enterprise Systems Con- 
nection (ESCON) products. Users 
can program the simulator to emu- 
late an ESCON host channel, control 
unit, or director. The unit allows de- 
signers to write, compile, debug, exe- 
cute, and analyze the results of test 
cases from a single, integrated menu 
that complies with the Systems Ap- 


plication Architecture standard. The | 


simulator consists of an EISA-based 
pe board and DOS-based software. 
The product comes either installed in 
a PC or as a board set and software 
to be installed in the user’s PC. The 
9120 costs $37,500 without a PC and 
is available immediately. 

McData Corp. 

310 Interlocken Pkwy. 

Broomfield, CO 80021 

(800) 545-5773 

(303) 460-9200 

> CIRCLE 628 


Vv PROGRAMMER/TESTER 
RUNS 32 PCMCIA CARDS 

The CardServer-32TX can simulta- 
neously read, write to, test, and func- 
tionally exercise up to 32 PCMCIA 
cards simultaneously. The unit sup- 
ports all types of 68-pin PC (IC) 
cards, including those compatible 
with PCMCIA 2.0 and JEIDA 4.1 
(Type I, II, and III), Intel ExCA, and 
ATA interface solid-state and rotat- 
ing media cards. All implementation 
technologies—flash, SRAM, OTP, 
EEPROM, and mixed—are support- 
ed. Programming and verification of 
32 Intel 1-Mbyte flash cards is per- 
formed in about 13 seconds. Users 
can run the device in standalone 
mode or remotely over a computer 
network. The system’s software 
runs under Windows and accommo- 
dates a variety of pointing devices, 
including a touch-screen monitor. 





TEST & MEASUREMENT 


CardServer-32TX prices range from 
$9950 to $19,950. 

B&C Microsystems Inc. 

790 N. Pastoria Ave. 

Sunnyvale, CA 94086 

(408) 730-5511 

> CIRCLE 629 


Vv 1/0 BOARDS FEATURE 
ON-BOARD INTELLIGENCE 
The DAP 1216e and DAP 2415e data- 
acquisition processors are PC plug- 
in boards that combine 16-bit analog- 
to-digital and digital-to-analog con- 
versions with on-board intelligence. 
The boards feature DAPL, a dedicat- 
ed multitasking real-time operating 
system that runs on the board’s own 
processor and communicates with 
the software running on the host PC. 
DAPL is optimized for data acquisi- 
tion and has over 100 standard com- 
mands for on-board processing. Both 
boards have 16 analog inputs and 2 
analog outputs. The DAP 2416e also 
contains its own digital-signal-pro- 
cessing hardware. The boards are 
available now at prices from $2495 to 

$3695. 
Microstar Laboratories Ine. 
2265 116th Ave. N.E. 
Bellevue, WA 98004 
(206) 453-2845 
> CIRCLE 630 


v DC POWER SUPPLIES 

HAVE DIGITAL METERS 
The PMC-A series power supplies 
feature two digital meters for easy 
and independent output voltage and 
current monitoring. The supplies 
come in a voltage range of 0 to 18 V 
de with current ranges of 0 to 1 A, 0 
to2A,and0to38A, oravoltage range 
of 0 to 35 V de with current ranges of 
0 to 0.5 A, 0 tol A, and0to2 A. The 
supplies can be linked in series to in- 
crease output voltage or in parallel 
to increase current. The use of 10- 
turn potentiometers provides excel- 
lent voltage and current resolution. 
Users can also control voltage and 
current remotely. A remote sensing 
capability compensates for voltage 
drops caused by load cable resis- 
tance. Prices for the PMC-A series 
start at $379. 

Kikusui International Corp. 

1980 Orizaba Ave. 

Signal Hill, CA 90804 

(310) 986-1677 

> CIRCLE 631 
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rtable 


A CONFERENCE FOR OEM DESIGNERS OF PORTABLE, HAND 
HELD, NOMADIC, MOBILE AND TRANSPORTABLE PRODUCTS. 





PORTABLE DESIGN IS A SPECIAL DISCIPLINE 


As a manager or designer of portable products your design criteria are as stringent as 
anything this side of a space probe. 


You must design to tough standards in weight, size, EMI, ergonomics, power con- 
sumption, ruggedness, durability, connectivity, plus a myriad of other criteria. 


WE'VE BEEN LISTENING TO YOUR NEEDS 
The editors of ELECTRONIC DESIGN have organized a conference and series of workshops 
devoted to solving your design problems exclusively: Portable by Design. 


HIGHLY EXPERIENCED "TECHNICAL ADVISORY COMMITTEE 


We have recruited 12 key design and project managers from successful manufactur- 
ers of portable products to identify the topics that need to be addressed in our confer- 
ence and to set the standards for the technical papers to be presented. 


70+ “TECHNICAL PRESENTATIONS WILL COVER: 


Macroprocessors/C ontrollers Batteries Input Devices 
Operating Systems Connectivity Thermal Management 
Application Software Displays Ergonomics 

Power Circuits/ Management Storage/Peripherals PGMCIA 


Portable 
Design 


February 14-18 

Santa Clara Convention Center 
Santa Clara, CA 

For a brochure use the 

reader service number below 

¥i : or call (201) 393-6075 

—. , FAX(201) 393-6073 


~ An ELECTRONIC DESIGN Production 





WORKSHOPS: 
Accelerated Design, Ergonomics, EMI/RFI/ESD 
CIRCLE 219 FOR U.S. RESPONSE CIRCLE 220 FOR RESPONSE OUTSIDE THE US. 








PRODUCT INNOVATION 
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1. ADDING TWO GLOBAL CLOCKS anda fast-input select function helps accelerate the performance of Altera’s MAX 7000E 
family of enhanced complex PLDs. 


ENHANCED PROGRAMMABLE 
LOGIC SPEEDS UP SYSTEMS 


DAVE BURSKY 


nhancements a company makes to an existing product family, 
through the use of finer-line processes, typically involve boosting an 
IC’s clock speed or adding more gates. Designers at Altera, howev- 
er, felt that an enhancement should go beyond that. This can be 
evidenced in the company’s just-released MAX 7000E family of com- 
plex programmable-logic devices (PLDs), which provides architec- 
tural enhancements that improve the circuit performance of com- 
plex PLDs (shorter input-to-output delays), as well as augment routability and us- 
ability features. 

Altera’s designers paid closer attention to overall system performance, rather 
than concentrate on just shortening the basic input-to-output delays of the PLDs. 
Such an approach is critical, explains Sandeep Vij, technical product manager, 
since the complex PLD application focus seems to be shifting away from just 
peripheral control functions and instead embracing overall system functional inte- 
gration. Thus, the architectural enhancements included in the 7000K family of 
complex PLDs help boost system performance by 60% and trim the input-to-output 
delays to just 10 to 12 ns. 

A superset of the original MAX 7000 family, the four members of the 7000E se- 
ries, include six logic-controlled Output Enable control signals, two high-speed 
global clocks, quick input paths to the on-chip macrocells, and short setup times (3 
ns). Furthermore, all of the output lines have programmable output-slew-rate con- 
trol to better match the signal speeds to the critical signal paths and to minimize 
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CKS can have its true or complement phase directed to the macrocells (a). Array clocks 








also are still available to the macrocells. In addition, Altera included six global Output Enable signals that designers can select at each output 
macrocell (b). Each output can be used to either enable bus-control logic, activate or power down an off-chip function, or perform some other 


control function. 


ground bounce on non-speed-critical 
output lines. 

The four chips in the 7000E series 
have complexities of 128, 160, 192 
and 256 macrocells with I/O pin 
counts of 160 pins (for the 128-, 160- 
and 192-cell chips) and 208 pins for 
the 256-cell chip. Each macrocell 
starts like the macrocells in the 7000 
series, with the product-term matrix, 
parallel logic expanders, and 16 ex- 
pander product terms as part of the 
shared-logic expander (Fig. 1). Add- 
ed to the cell, though, are two selec- 
table global clock lines and a fast-in- 
put Select block. 


DIRECT ROUTING 


With the fast-input selector, users 
can directly route a signal from an I/ 
O pin to the macrocell register’s in- 
put, which shortens the signal delay 
path. That shorter path improves the 
chip-to-chip communication paths, 
reducing the chip-to-chip delays and 
permitting higher system operating 
frequencies. 

For example, a multi-clock bus in- 
terface can run at a frequency of 76 


112 Bo 


MHz, up from about 55 MHz for the 
original 7000 family, while a digital- 
video image controller can clock at a 
frequency of 62 MHz—a 63% im- 
provement over the 7000 series. The 
macrocell product terms, though, 
can still be used as parallel expan- 
ders and the core macrocells can 
function as input registers. 

By giving designers a choice of 
two global clock signals, each with 
programmable polarity as well as 
the array clock signals, circuit func- 
tions can be implemented to take ad- 
vantage of two-phase clocking, syn- 
chronous bus interfaces, as well as 
control logic that needs short clock- 
to-output times (Fig. 2a). The global 
clock lines, along with the other sys- 
tem enhancements, allow the chips 
to operate over a wide span of clock 
speeds ranging from a low of 28 MHz 
up to a high of 100 MHz, depending 
on the application. 

Offering users more control of 
logic functions, the six programma- 
ble Output Enable signals can be 
used for multiprocessor bus control, 
direct microprocessor datapath in- 


LECT RONI C 
DECEMBER 2, 1993 





terfaces, and other functions that re- 
quire direct control. All six signals 
are routed to each I/O pin and indi- 
vidually selected at each pin through 
a programmable multiplexer (Fig. 
2b). The output signals can also per- 
form some degree of function man- 
agement by activating or powering 
down off-chip peripheral func- 
tions.L] 


PRICE AND AVAILABILITY 

The MAX 7000E family come in a wide 
range of packages, from 84-lead PLCCs for 
the 128- and 160-macrocell EPM7128E and 
7160E, up to 208-lead PQFPs for the 256- 
macrocell EPM7256E. Price is $129.50 each 
in 100-piece quantities for the EPM7256E 
(20-ns speed), which is available the first 
quarter of next year. Samples of the 192- 
and 256-macrocell versions will be avail- 
able next quarter, with samples slated for 
the second quarter of 1994. 

Altera Corp., 2610 Orchard Pkwy., San 
Jose, CA 95134-2000; Erik Cleage, (408) 894- 
7000. CIRCLE 511 
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How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 
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Which converter delivers twice the speed 
at half the power consumption in half the height? 


The new TLC320AC01 analog interface 
circuit (AIC) from Texas Instruments, a 
complete data acquisition system on a chip, 
supports your most demanding portable 
and voice-band applications. 

The’ACO01 is a fully programmable 
device that integrates 14-bit A/D and D/A 
converters, filters and I/O for a complete 
analog interface system. 

The device combines twice the 
conversion speed with half the power 
consumption in half the height of TT's 
previous generation of AICs. This new 
generation is enabled by TI’s advanced 
mixed-signal design methodology and 
1-micron processing technology. 

The ’ACO1 interfaces directly with TT's 
leadership TMS320 digital signal processors 


me xATENDING-YOUR R 


aL TEXAS 
INSTRUMENTS 


TLC320AC01 At A Glance 


Low power consumption (100 mW) for 
portable systems 


Direct serial interface to most DSPs 


Shrink quad flat 
packaging (SQFP) 
available for low- 
profile, portable 


1.4 mm 
applications 





Single 5-V power supply for simplified 
system design 


14-bit A/D and D/A converters and 
programmable filters 


Signal-to-distortion ratio: 72 dB 


TLC320ACO1CFN 28-pin PLCC; 
TLC320ACO01CPM 64-pin SOFP 
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(DSPs) and with other industry-standard 
DSPs and most general-purpose micro- 


processors. 


And it can operate in three modes — 
stand-alone, master-slave and linear 
codec — for greater system-level design 
flexibility. 

The ’ACO1 can enhance the performance 
of your V.32 bis modem and PCMCIA card, 
speech and audio processing including 
multimedia, noise cancellation, industrial 
control and instrumentation designs. 


Move to 


TT's new generation of analog interface 
circuits. For more data, just return the reply 
card, call your local TI sales office or fax us 
at 886-2-377-1460. 


IN-TEGRAT.TLON™ 


Australia & New Zealand: Sydney, 61-2-878-9000, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-696-4446; Elizabeth, 61-8-255-2066, fax 61-8-255-2809. 
Hong Kong: 852-737-0338, fax 852-735-4954. Korea: 82-2-551-2800, fax 82-2-551-2828. Malaysia: 60-3-230-6001, fax 60-3-230-6605. 
People’s Republic of China: 86-1-500-2255, ext. 3750, fax 86-1-500-2705. Philippines: 63-2-817-6031, fax 63-2-817-6096. 
Singapore (& India, Indonesia, Thailand): 65-350-8100, fax 65-253-6655. Taiwan: 886-2-713-9311, fax 886-2-716-9487. 


© 1993 TI 
™ Trademark of Texas Instruments Incorporated 
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Hyundai 4M DRAMs Provide The 
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Bit 


Choose from our latest Fast and Wide 
devices. Fast devices are equally at home 


In 


Wide-Bit devices present the perfect solution for 


high performance PCs or workstations while 
notebook PCs and VGA cards. 


We even offer SOJ and TSOP-II packag 


addition to conventional pin arrays. 


ing in 


Singapore Hyundai Electronics Asia Pte., Ltd. 211 Henderson Roa 


Henderson Industrial Park, #12-04 Singapore 0315 


Tel 


Japan Hyundai Electronics Industries Co., Ltd. Tokyo Office 


Korea (Head Office) Hyundai Electronics Industries Co., Ltd. 


8F Yurakucho Denki Bidg., 1-7-1 Yuraku-cho, Chiyoda-ku, Tokyo, 


10F Hyundai Jeonja Bidg.,|66 Jeokseon-dong, Chongro-ku, 


Seoul, Korea Tel 


270-6102 


270-6300/7 Fax 


03-321 1-5447/8 


03-321 1-0715, 4701/8 Fax 


Japan 100 Tel 


02-733-2145/7 


02-398-4500 Fax 


Performance Spectrum 





All devices feature low power consumption 
and impressive access times. 


Remember to specify Hyundai 4M DRAMs; 
they’re the price-performance leaders. 


Organi- 7 et 
Pr [ton PartNo |PRGTYPE |) foot [tone [tops [1007 
HY514100 300ml 
HY514400 20/26 SOJ 60/70/80 2mA |1imA 
Standard | x 1/x4 


HY514100 AVAL | 300m 
HY514400 A/AL | 20/26 SOJ, TSOP-II, | 50/60/70 1mA | 200pA | 300uA 
































HY514410 A/AL | Reverse TSOP-II 
300m! 
20/26 SOJ, TSOP-II, 
Reverse TSOP-II 






HY534100/L 
HY534400/L 
HY534410/L 





HY514260/U/LS 


44 TSOP-II 
* Note These specs can be changed during development 





Taiwan Hyundai Electronics Industries Co., Ltd. Taipei Office Rm. Hong Kong Hyundai Electronics Industries Co., Ltd. 
1002-A, 10F, Chiashin Bidg., No. 96, Sec. 2, Chung Shan North Road, Hong Kong Office Suites 1501-1508 Jardine House, 
Taipei Taiwan R.O.C. 105 Tel: 02-568-1134/5 Fax: 02-543-3433 1 Connaught Place, Central H.K. Tel: 586-1282 Fax: 596-0815 
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SERVOWRITER H ANDLES Hybrid servo techniques have become the popular choice for small, high- 


capacity hard-disk drives because the servo positioning is very precise. Hy- 


HYBRID SERVOS brid servo systems combine dedicated surface and embedded servo technolo- 


gies within a drive to take the benefits of each. Now, there’s a servowriter that can handle 
drives with the hybrid servos. The HS-9000 accepts any disk size, including those under the 2.5- 
in. form factor. The drive is held in a customized fixture that’s aligned to a laser beam. The ser- 
vowriter comes with ISA and EISA bus controllers, user-configurable software, anda laser in- 
terferometer positioning system. Operator control is handled through a keypad and a color 
display. Available now, the HS-9000 servowriter starts at $40,000. RNT CIRCLE 610 


M ATL AB PORTED Engineers working in image processing and designing neural networks and 


control systems must visualize and explore data and mathematical models as 


TO MORE P LATFORMS well as to prototype, analyze, and optimize system designs and algortithms. 


MathWorks MATLAB version 4.0 technical-computing software offers object-oriented graph- 
ics, Sparse matrix support, sound output, and graphical user-interface controls. It runs on 
most workstation platforms, including Sun Solaris, DEC Ultrix, and Alpha/AXP Systems. 
The Natick, Mass., company has quantity and educational dicounts for MATLAB software, 
which starts at $2995 for a single-seat workstation license; (508) 653-1415. svr CIRCLE 611 


TOOLSET SYNCHRONIZ ES Combining the tools in Smartsystem 2.0 from Procase Corp., San Jose, Calif., 


with the C Development Environment from IDE, San Francisco, gives devel- 


SOURCE WITH DESIGN opers an interactive environment for forward and reverse engineering of C 


source code. This ensures that their source code stays in syne with their front-end designs. The 
integration enables developers to use IDE tools for initial design, use Smartsystem during 
coding or maintenance, and when code is complete, use the integration to automatically gener- 
ate as-built documentation in the form of program structure and data-structure diagrams in 
the IDE design tools. Many companies have existing code for which no design documentation 
exists—the integration can be used to automatically reverse engineer the code and generate 
up-to-date documentation within IDE. Call (408) 433-9500. svr CIRCLE 612 


ICs CONNECT PCI TO SCSI or IDE devices can be connected to a PCI local bus with a family of 


integrated interface ICs. The AIC-7850 and 7870 SCSI host-adapter chips, 


SCSI OR IDE DEVICES from Adaptec, Milpitas, Calif., handles data rates of 10 and 20 Mbytes/s, re- 


spectively, making it possible for them to exploit the 183-Mbyte/s speed of the PCI bus. Each 
chip is built with the company’s PhaseEngine RISC processor. The two single-chip solutions 
connect directly to a motherboard or add-in card and require no additional logic. In large quan- 
tities, the 7850 and 7870 will cost $25 and $39, respectively. For IDE-to-PCI connection, the 
AIC-25PC10 features a 20-Mbyte/s transfer rate. This part is suited for high-speed disk drives 
that were limited by the slower transfer rate of the IDE connection. Extensive software 
support is available for all three ICs to accelerate product development. Available now, the 
25PC10 costs $6 to $8 each in large volumes. Call (408) 945-8600. RN CIRCLE 613 


( ACHE SR AMS System designers looking for high-speed SRAM performance in very deep or 
wide cache configurations, but without the performance degradation com- 


SUIT P ENTIUM NEEDS mon to large cache arrays and high clock speeds, will be heartened by the 


ChipFrame application-specific cache SRAMs from MicroModule Systems (MMS), Cupertino, 
Calif. These memory products are designed to support leading-edge microprocessor-based ap- 
plications with clock rates of 66 MHz or greater. Designs are available with burst-control pins 
capable of supporting the Intel i486 and Pentium burst sequence. Motorola MC 68040-specific 
configurations are also available, as are designs tailored for RISC processors, such as DEC’s 
Alpha AXP, Sun Microsystems’s Spare, HP’s PA-RISC, MIPS’s R4400, and other RISC archi- 
tectures. The caches are based on MMS’s ChipFrame MCM-D technology, which offers high 
functionality in less real estate than either discrete ICs or MCM-L solutions. Call (408) 864-7437 
for pricing and delivery. DM CIRCLE614 
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What are we going to do with 
your extra robots, Fenton? 


x Maybe a small college football 
team needs a new front line! 





Turn your excess inventory into 
a substantial tax break and help 
send needy kids to college as well. 


Call for your free guide to learn how 
donating your slow moving inventory can mean 
a generous tax write off for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 


AS 


P.O. Box 3021, Glen Ellyn, IL 60138 FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 
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COMMUNICATIONS 





BICMOS SERIAL COMMUNICATIONS CHIPS 


COMBINE HIGH SPEED, LOW POWER curroro Mes 


he industry’s first high- 

speed, point-to-point serial 

communications chip set 
made using biCMOS process tech- 
nology for fast data transfer and low 
power consumption, HOTLink 
(High-speed Optical Transceiver 
Link) is Cypress Semiconductor’s 
first entry into the erupting data- 
communications market. The compa- 
ny’s new devices provide extremely 
high-speed communications—160 to 
330 Mbits/s—for a number of 
emerging applications, such as the 
Fibre Channel, Asynchronous 
Transfer Mode (ATM) networks, the 
Enterprise System Connection (ES- 
CON), serial backplanes, and mili- 
tary applications. 

HOTLink is a flexible, point-to- 
point building block. It can be used 
for data transfer in applications such 
as disk-to-peripheral, server-to-serv- 
er, generic serial bus/backplane, 
and video-imaging communications. 
HOTLink has an 8-bit parallel port 
and transmits over high-speed serial 
links, including fiber, coaxial cable, 
and twisted pairs. The chip set in- 
cludes the CY7B923 transmitter and 
the CY7B938 receiver. Cypress also 
offers the CY9266 evaluation board 
(which is IBM OLC-266 compatible) 


with fiber, coax, and twisted-pair me- 


dia interfaces for simplified applica- 
tions development. 

The chip set, which operates from 
a single +5-V power supply, also of- 
fers a number of technological ad- 
vances over other data-communica- 
tions solutions. HOTLink chips are 
made using a 0.8-um biCMOS pro- 
cess. According to the company, this 
offers power savings of at least 257% 
over competitive products, which uti- 
lize higher-power-dissipation bipolar 
or gallium-arsenide technologies to 
achieve similar data rates. HOTLink 
dissipates 850 and 600 mW for the 
transmitter and receiver, respective- 
ly. The product includes 8B/10B en- 
coding (as specified in the Fibre 
Channel standard) and allows for a 
10-bit unencoded mode, so users 
have flexibility to develop their own 
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off-chip encoding solutions. 

In normal operation, the transmit- 
ter can operate in either of two 
modes: an encoded mode and a by- 
pass mode. In the former mode, a 
user can send and receive 8 bits of 
data and control information with- 
out first converting it to transmis- 
sion characters. The bypass mode is 
used for systems in which encoding 
and decoding are performed by an 
external protocol controller. 

In addition, HOTLink offers three 
100K Pseudo ECL (PECL) outputs 
for point-to-multi-point applications. 
The chip set incorporates a complete- 
ly integrated phase-locked-loop 
(PLL) clock synchronizer, which 
eliminates the need for external ca- 
pacitors and resistors. It also offers 
a built-in self-test to allow loop-back 
and link-integrity diagnostics. 

Eight bits of user data or protocol 
information are loaded into the HOT- 
Link transmitter and are encoded. 
Serial data is next shifted out of the 
three differential PECL serial ports 
at the bit rate (which is ten times the 
byte rate). 

The HOTLink receiver accepts the 
serial bit stream at its differential 
line receiver inputs, and using a com- 
pletely integrated PLL clock syn- 
chronizer recovers the timing infor- 
mation necessary for data recon- 
struction. The bit stream is deseria- 
lized, decoded, and checked for 
transmission errors. The recovered 
DES IG 
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byte is presented in parallel form to 
the receiving host computer along 
with a byte-rate clock. 

The 8B/10B encoder/decoder can 
be disabled in systems that already 
encode or scramble the transmitted 
data. I/O ports are available to cre- 
ate a seamless interface with both 
asynchronous FIFO buffers (i.e., the 
CY7C42X) and clocked FIFO buffers 
(i.e, the CY7C44X). A built-in self- 
test pattern generator and checker 
makes it possible to test the trans- 
mitter, receiver, and the connecting 
link as a part of a total system diag- 
nostic check. 

Systems are migrating from par- 
allel data transmission to serial in- 
terfaces to reduce connector size and 
to extend data transfer distance and 
speed. Consequently, HOTLink was 
created to reduce communications 
bottlenecks caused by the high vol- 
umes of data traffic found in today’s 
applications. Emerging serial stan- 
dards provide transmission speeds 
over 150 Mbits/s. 

HOT Link is available now in pro- 
duction quantities. It comes in 28-pin 
PLCC, SOIC, and LCC packages. 
The HOTLink chip set (CY7B923 
transmitter and CY7B933 receiver) 
is priced at $60 in lots of 100. The 
HOTLink evaluation board costs 
$495 each. 

Cypress Semiconductor, 3901 N. 
First St., San Jose, CA 95134-1599; 
(408) 943-2600. CIRCLE 640 
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CUTTER SPEEDS ACCESS TO BURIED PROBE POINTS 


he IDS P2X (ProbePoint eX- 

tension) allows operators to 

perform real-time probe 
point cutting for debug of complex 
multilayer devices. The focused ion- 
beam (FIB) based system works with 
a mechanical or e-beam prober to 
provide interactive debug capability. 
Thus operators can cut probe points 
to gain access to buried layers with- 
out having to go off line. 

The result is much faster debug 
and greater productivity. The key to 
the system is the integration of four 
elements: a quick-change vacuum 
system, a kinematic load module, 
CAD Layout Overlay software, and 
Optimal Probe Point Placement 
(OP?) software. 


The IDS P2X vacuum system im- 
proves the speed with which the chip 
can be moved from the prober to the 
FIB and back. Meanwhile, the kine- 
matic mounts eliminate device align- 
ment errors. The mounts use three 
rigid mounting points that exactly 
define both a plane and a specific po- 
sition within that plane. As a result, 
the load module can be repeatedly re- 
turned to exactly the same position, 
within a couple of microns. 

The CAD Layout Overlay soft- 
ware superimposes an outline form 
of the top-metal CAD layers on the 
FIB image. This enables the user to 
automatically perform an accurate 
local overlay alignment using the 
visible surface topography from the 
top layer and to accurately position 


the CAD layers that show invisible — 
buried conductors. 

The OP® software uses knowledge 
of both e-beam measurement (in- 
cluding the limit of an e-beam’s abili- 
ty to make capacitively coupled mea- 
surements on conductors buried un- 
der dielectric) and FIB modifica- 
tions. The software then selects the 
best chip location to either measure 
directly or create a probe point. 

The IDS P2X has an average price 
between $400,000 and $600,000, with 
delivery within 30 to 90 days, depend- 
ing on the tester being used. 

Schlumberger Technologies 
ATE Div., 1601 Technology Dr., 
San Jose, CA 95110-1397; (408) 


437-5091. 
m@ JOHN NOVELLINO 





TESTABILITY SOFTWARE EASES 
BOUNDARY-SCAN PROGRAMMING TASK 


ersion 2.0 of the Advanced 
Support System for Emula- 
tion and Test (Asset) incor- 
porates advanced object-oriented 


| programming techniques, making it 


easier to use, readily expandable, 
and portable. Asset, which helps de- 
signers debug and verify complex in- 
tegrated circuits, board designs, and 
systems, runs under the Microsoft 
Windows graphical user interface 
and supports the I[EEE-1149.1 
boundary-scan standard. 

Two Asset modules, the Test Vec- 
tor Development System and the Di- 
agnostic System, form the founda- 
tion of Release 2.0. The Test Vector 
Development System supports sev- 
eral ways of developing and apply- 
ing test stimulus to the unit under 
test (UUT). The use of predefined 
macros eliminates the need to know 
the C or C++ programming lan- 
guages. The system features auto- 
matic test pattern generation for the 
scan path and can import serial or 
| parallel test vectors. An optional 
Scan Function Library eases sophis- 
ticated test programming and sup- 
ports C or C++ compilers from Bor- 
land and Zortech. 

The Asset Diagnostic System in- 
cludes an interactive debugger and 


) & 


scan analyzer. The debugger per- 
mits hierarchical viewing, and ac- 
cess and control of device test regis- 
ters within the UUT. Users can inter- 
act at a functional level by scanning 
instructions or data into the device’s 
test registers and observing the re- 
sults. The scan analysis module rep- 
licates many features of a logic ana- 
lyzer, including waveforms and 
state-table displays. | 

Once test vectors have been devel- 
oped, Scan Engine can be used to eas- 
ily embed test procedures for go/no- 
go testing. Scan Engine works with 
the SN74ACT8990 test bus control- 
ler to automatically read scan vec- 
tors from the system’s memory and 
apply them to the boundary-scan 
chain. The software and controller 
support built-in self-test and inter- 
connect, functional, device, and log- 
ic-cluster testing. 

The Test Vector Development Sys- 
tem costs $8495, the Asset Diagnos- 
tic System $13,995, the Scan Func- 
tion Library for C++ $2495, and 
Sean Engine $12,000 plus royalties. 

Texas Instruments Inc., Litera- 
ture Response Center, P. O. 
Box 172228, Denver, CO 80217; 
(800) 477-8924, ext. 3804. 
@ JOHN NOVELLINO 
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TEST SOFTWARE ENSURES 


-FULL-CHIP ASIC TEST 


Two ASIC test tools allow designers 
to address the various test strategies 
used for the chips within a consistent 
design-for-test environment. Test 
Manager lets designers automatical- 
ly explore and select the best test 
methods for individual chip modules 
and to achieve cumulative fault cov- 
erage for the entire chip. This multi- 
style, multi-pass testing technique 
allows a design to use several test 
methodologies with different proto- 
cols. Methods covered include full 
scan, constraint-based partial scan, 
boundary scan, functional vectors, 
and user-defined test structures. 
The TestSim fault simulator, which 
is fully integrated with Test Manag- 
er and other Synopsis logic and syn- 
thesis tools, leverages existing de- 
signs by accepting their associated 
functional vectors for automatic test 
pattern generation. The simulator is 
supported by more than 100 existing 
certified ASIC vendor libraries. Test 
Manager will be included in Version 
3.1 Test Compiler and Test Compiler 
Plus at no extra charge. TestSim is 
expected to cost $35,000. The prod- 
ucts will be available in the first 
quarter of 1994. JN 

Synopsis Inc., 700 E. Middlefield 

Rd., Mountain View, CA 94043- 

4033; (415) 694-4235. ; 
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CASCADED COOLERS 
INCREASE CAPACITY 


A broad range of multistage thermo- 
electric cascades features a series of 
(TECs) 


thermoelectric coolers 





stacked or cascaded atop one anoth- 
er for increased temperature differ- 


entials compared with standard, sin- 


gle-stage TECs. From two to six 
stacked TECs can be supplied for 
cooling differentials of up to 181°C. A 
total of 24 standard cascade configu- 
rations are available ranging from a 
two-stage model rated at 2 A witha 
temperature differential of 91°C toa 
six-Stage version rated at 3 A. Typi- 
cal pricing for a two-stage cascade in 
lots of 100 is $50.75. Delivery is in 
four to six weeks. DM 

MELCOR, 1040 Spruce St, Tren- 

ton, NJ 08648; Dick Duenn, (609) 

393-4178. 


UHF TRANSISTORS 
HANDLE TUNER AGC 


Two dual-gate MOSFETs are avail- 
able for use in the automatic-gain- 
control stages of VHF and UHF tun- 
ers. The BF908, which operates from 
a 12-V tuner supply, has the high 
transfer admittance, low input ca- 
pacitance, and superior cross-modu- 
lation performance needed for low- 
noise, high-gain RF amplification. 
The BF904 offers similar advan- 
tages while being the world’s first 
MOSFET for tuners that operate 
from a 5-V supply. In addition, the 
BF904 includes an internal bias cir- 
cuit to reduce cross modulation and 
eliminate up to four external bias 
components. Its internal biasing 
cuts component counts. Call for pric- 
ing and delivery. DM 

Philips Components, Discrete 

Products Div., P.O. Box 10330, Ri- 

viera Beach, FL 33404; (800) 447- 


3762. 
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SILICON PHOTODIODE 
DETECTS LOW LEVELS 


A general-purpose light detector for 
both high and low levels of illumina- 
tion is available in the BPW34 silicon 


photodiode. The unit detects modu- 


lated light at frequencies up to 10 


effective Thick Film Multilayer Sub- 
strates and High Density Hybrids. 
_ We can offer 100% tested Multilayer 
Substrates as the base for your high 





density hybrid applications. And, we 


can populate them for you, too! 


Our Capabilities Include: 

@ CAD System Design 

@ Extensive Engineering 
Design Services 

@ In-House Screen Production 

@ 3 mil Lines & Spaces 


MHz. Its active area measures 7.1 
mm? and the unit is housed in a small 
plastic DIP. Call for pricing and de- 
livery information. DM 
Centronic Inc., 2088 Anchor Ct., 
Anchor Business Park, Newbury 
Park, CA 91320; (805) 499- 


9902. 
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Jouble Sided Multilayers — 
inted Through Holes 
_ @ Resistors on Dielectric 
~ @SMT and/or Chip-And-Wire 
~ @CO2 Laser—Scribe & Drill 
@ YAG Laser—Active/Passive Trim 
@ Automated Isolation/Continuity 
Testing 
@ And, more. Much more. 


From simple one or two layer commer- 
cial parts to the most complex designs, 
we build in quality, performance, and 
reliability to meet the most demanding 
applications. Call us with your require- 
ments. Wev like to talk with you. 


hy Hybridyne Inc. 


2155 North Forbes Blvd., Tucson, AZ 85745 
(602) 629-0001 FAX (602) 791-3899 
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SWITCHING 8 A AT 500 V, P-CHANNEL 
IGBT REPLACES N-CHANNEL PAIR 


ntil now, if you wanted to 
build a high-voltage high- 
current half bridge for pow- 
er control, you had to use a pair of n- 
channel MOSFETs, or a pair of their 
siblings—the IGBT. Both require 
complex drive circuitry (such as 
charge pumps or boot-strap circuits) 
to pull the gate of the high-side n- 
channel switch 10 to 15 V higher than 
the bridge’s supply. But Harris has 
come up with a 500-V, p-channel 
IGBT rated at maximum continuous 
currents of 12 A at 25°C and 8 A at 
90°C. The HGTD8P50G1’s maximum 
forward-voltage drop (the collector- 
emitter saturation voltage) runs just 
3.7 V while passing 8 A. And it comes 
in the miniature TO-251 (with leads) 
and TO-252 (surface-mounted) plas- 
tic power packages. 
When a p-channel IGBT replaces 


the high-side n-channel switch, the 
power half-bridge works just like a 
low power CMOS inverter. The gates 
of both devices are tied together. 
Thus, a positive-going pulse turns the 
low-side switch on and the high-side 
switch off, and the output goes low. 
Returning the gates to zero volts 
turns the high-side switch on, the low- 
side switch off, and the output of the 
bridge goes to the supply rail. 

The p-channel IGBT is also a natu- 
ral as a stand-alone high-side switch 
driving loads, which must be con- 
nected to ground. That is, the IGBT 
is connected between the positive 
supply rail and the load. In this con- 
figuration a short to ground does not 
damage the load. Like the half- 
bridge, an n-channel high-side switch 
requires a charge pump or bootstrap 
circuit to turn the device on. 

In lots of 1000, the TO-251 pack- 


FENWALUDELECTRONICS 


~ Cc Oo OR 


MISTER THERMISTOR 
PRESENTS THE NEW 


LOOK FOR THE 


LEADING NAME IN 


THERMISTORS. 


Fenwal Electronics offers 
the industry a complete line 
of high-quality NTC/PTC 
thermistors. Including our 
Uni-Curve, Glass Encap- 
Sulated Chip, Bead, Disc, 
and PTC series. 

For your copy of our 
Standard Products catalog, 


write or call Fenwal Electronics 


Incorporated, 450 Fortune 
Boulevard, Milford, MA 
01757 (508) 478-6000. 
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aged 500-V IGBT (HGTD8P50G1) 
costs $1.44 each, its surface-mount 
cohort in the T0252 (HGTD- 
8P50G1S) goes for $1.45 each in simi- 
lar quantities. 
Harris Semiconductor, P.O. 
Box 883, Melbourne, FL 32901; 
1-800-4-HARRIS, ext. 7122. 
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DENSE CONVERTER 
SERVES PULSE TASKS 


A single-output power supply for 
pulse-power applications features 
active current-sharing circuitry for 
N+1 parallel operation. The ac-de or 
de-de units accept either 115-V ac, 
three-phase or 270 V de inputs and 
provide up to 1000 W of output power 
at from 12 to 48 V de. Other features 
include overcurrent and overvoltage 
protection, full input-to-output isola- 
tion, synchronization, and excellent 
dynamic-load response. Pricing var- 
ies with configuration. DM 
Lambda Novatronics Inc., 500 
S. W. 12th Ave., P.O. Box 878, Pom- 
pano Beach, FL 33061-0878; (305) 
942-5200. 


5°10-3-V CONVERTERS 
BOOST CURRENT RANGE 


An upgrade to the EZ-Dropper line 
of 5-V-to-8-V de-de converters pro- 
vides a wider current range than 
does the original design. In addition, 
a low-current version has been added 
to further simplify the generation of 
3 V from 5-V power rails. The low- 
current device offers a current 
range of 5 to 250 mA. For the balance 
of the line, the low-current rating 
has also been dropped to 10 mA from 
the previous low of 200 mA. The rat- 
ed high-current output remains 1 A. 
Redesignated the EZ5Z3 from the 
former SC5Z3, the linear, noise-free 
parts generate no EMI or voltage 
spikes inherent to switching convert- 
ers. The lower-current ratings are in- 
tended to aid designers of boards 
with long traces. Pricing for the 
EZ5Z3L family is $1.86 in 100s. DM 
Semtech Corp., 652 Mitchell Rd., 
Newbury Park, CA 91320; Art 
Fury, (805) 498-2111. 
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COMPUTER BOARDS 


HOST ADAPTERS CONNECT SCSI 
TO ALMOST ANY STANDARD BUS 


eripherals built with a SCSI 

interface offer the promise 

of higher performance be- 
cause the data-transfer rates of 
SCSI are higher than those of the al- 
ternatives, such as an IDE interface, 
or serial or parallel ports. Now, 
thanks to the developments of QLo- 
gic Corp., even higher performance 
can be achieved by connecting the 
SCSI peripheral to almost any stan- 
dard computer bus. 

The QLA400 family of SCSI host 
adapters is available in four differ- 
ent versions. It can connect toan ISA 
bus (QLA400-IA), an EISA bus 
(QLA400-EA), a VL-Bus (QLA400- 
VL), or a PCMCIA slot. The 
PCMCIA version, the QLA400-PA, 
fits in a Type-2 card slot. In addition, 
the QLA-1000 supplies a connection 
to the PCI local bus. | 

The QLA400 family is based on the 
company’s ESP406, a single-chip 
high-performance SCSI processor 
that automates the performance of 


SCSI operations at hardware speed 
without any host CPU intervention. 
The boards, compatible with most 
SCSI standards, are supported by 
software drivers for DOS, Windows, 
Windows NT, Novell NetWare, SCO 
Unix, and OS/2. 

The PClI-based board features a 
burst transfer rate of 132 Mbytes/s 
and a sustained rate of 20 Mbytes/s. 
It can process 2000 I/O requests/s 
while queuing an additional 1600 re- 
quests/s. Evaluation units of the 
QLA-1000 are available now. Produc- 
tion quantities will come in January. 
Evaluation prices for the QLA400- 
IA, QLA400-EA, QLA400-VL, and 
QLA400-PA are $121.40, $215.90, 
$206.40, and $210, respectively. All 
come with documentation, software 
drivers, and installation software. 
Substantial discounts for large lots. 

QLogic Corp., 3545 Harbor 
Blvd., P.O. Box 5001, Costa 
Mesa, CA 92628; (800) 662-4471 
or (714) 438-2200. 

mM RICHARD NASS 


HARDWARE/SOFTWARE CONNECT 


VME DSP BOARD TO SPARCSTATION 


he Hydra DSP board from 

Ariel Corp., Highland Park, 

N.J., can now be linked to 
Sun Sparcstations with the Hydra- 
Link hardware and software. Hydra 
is a 200-MFLOPS board built with up 
to four Texas Instruments 320C40 
processors. HydraLink was devel- 
oped by ESI Computing. It consists 
of a five- or twelve-slot card cage, 
one or more VMEbus-based Hydra 
boards, an SBus-to-VMEbus adapt- 
er, and SunOS device drivers. The 
card cage is available in either table- 
top or rack-mounted versions, and 
can be located up to 20 ft. from the 
SpareStation. 

DSP code can be written and de- 
bugged on the Sparcstation, then 
downloaded to the Hydra board. 
There’s enough throughput to use 
the SparcStation for display pur- 
poses. The bus-interface hardware 
translates the address maps be- 
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tween the SBus and the VMEbus ata 
transfer rate of up to 10 Mbytes/s. 
Both SBus and VMEbus masters can 
access their respective VMEbus and 
SBus slaves without affecting any 
current bus activity. 

HydraLink sells for $12,490. Soft- 
ware support, including cross- and 
co-development tools and run-time 
software, is also available. The Hy- 
dra DSP board is available directly 
from Ariel. 

ESI Computing Inc., 468 West- 
ford Rd., Carlisle, MA 01741; 
(508) 369-8499. 
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Patent Pending 


Single Outputs $104 / 
Dual Outputs $149 


28 Standard Models / 
Special Voltages Available 


& 
Four Series / 18-380 VDC Input 
e 


Fixed Frequency 100kHz 
. True Redundancy Operation 


The availability of DUAL ISOLATED 
OUTPUTS creates cost and space sav- 
ings in many applications. 

Fully safeguarded for over voltage, over 
temperature and continuous short circuit 
protection, these FIXED Hi-Frequency 
units minimize technical problems. 

With output voltages from 3.3 VDC to 100 
VDC, four distinct input ranges and the 
choice of single or dual outputs plus the 
capability of Parallel Operation, as stand- 
ard features, your circuit designs can be 
optimized. 

Assembled in the U.S.A. with PICO qual- 
ity components, these hi density units al- 
low the most stringent mechanical, elec- 
trical and environmental requirements. 


See EEM or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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CLASSIFIEDS 
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200,000 WALL 
TRANSFORM ERS 













7.5 VDC 50 MA..... 0.385 
12 vbc 100 MA..... 1.10 
12 vbc 500 MA..... 1.75 
12 vbCc 800 MA ..... 2.10 
14 cae . oe ay rane 1.75 
16 VAC....1.239A ..... -35 

Min *000/typ Feat for other types 


SURPLUS TRADERS 


Aare ae. 6440 
Tel: 514-739-9328 
Fax: 514-345-8303 


kd = a Oa ROLE 





All of us at Penton 
Classifieds wish you a 
Happy Holiday Season! 

We look forward to working 
with you to make this a 
Prosperous New Year! 


TAKE NOTE!!! § 
Recruit Top Talent ’g 


for your company 4 
by placing your @ 


classified ad in this 
publication. 


For more information contact: 
Lois Walsh 
(216) 696-7000, ext. 2359 
or 


FAX (216) 696-8207 


B2JIE LECTRONIC 








NEW PRODUCTS 





STATE-DIAGRAM WINDOWS SOFTWARE 
INCLUDES CONCURRENCY 


aking it easier to design 
state machines, the soft- 
ware tool Better State 
makes it possible for state diagrams 
to include factors such as concur- 
rency and hierarchy, while retaining 
the intuitive and visual appeal of 
state diagrams. Developed by R-Ac- 
tive Concepts, the program runs un- 
der the popular Microsoft Windows 
3.x graphical user interface on IBM 
PCs and compatibles. With the soft- 
ware, users can create graphical im- 
ages of state diagrams on one or 
more linked pages, annotate them, 
and then generate either VHDL, 
Verilog, or C-code to implement the 
state functions. 

Such features make it much easier 
to create state descriptions for reac- 
tive control systems. Reactive sys- 
tems have inputs (or outputs) that 
continuously and endlessly arrive (or 
are sent to) a plurality of partially 
correlated entities in the environ- 
ment. For example, a telephone an- 
swering machine never has its inputs 
ready; inputs arrive continuously 
and endlessly, in a non-deterministic 
order (the order of the inputs is not 





known in advance). 

In Better State, users can draw 
states, edges, illustrate threads of 
concurrent control, and annotate the 
diagrams. VHDL or Verilog can be 
used to annotate the diagrams, thus 
enabling the code in the diagram to 
refer to code written elsewhere. The 
windows also provide a visual page 
structure diagram that allows the 
user to comprehend and access all 
portions of the diagram with a 
mouse click. Smart graphics make it 
easy to manipulate the diagrams— 
when moving a state, all connected 
edges and text move with it. And to 
avoid a cluttered look, text can be 
hidden. Templates supplied with the 
software enable users to schedule 
the design deterministically, sto- 
chastically, or using specific schedul- 
ing algorithms (for example, round 
robin, and so forth). 

A single-user version of Better 
State sells for $690. The software is 
available now. 

R-Active Concepts, 20654 Gar- 
denside Circle, Cupertino, CA 
95014; Doron Drusinsky, (408) 
252-2808. 
M@ DAVE BURSKY 


GRAPHICAL DATA-ANALYSIS SOFTWARE 
RUNS UNDER WINDOWS 


Microsoft Windows version 
of DADiSP graphical data 
analysis software extends 
the capabilities of the software, 
which collects, analyzes, and dis- 
plays scientific and technical data. 
DADiSP/32-WIN is compatible with 
previous versions, so that existing 
worksheets, datasets, macros, and 
command files operate without 
change. The software combines hun- 
dreds of built-in functions to per- 
form graphical data analysis, mathe- 
matical and statistical analysis, data 
management, and FFT analysis. 

As a Windows application, DA- 
DiSP/32-WIN can run multiple ap- 
plications, import data by means of 
the Notepad Utility, switch between 
DADiSP and other programs, and 
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dynamically resize DSDisp applica- 
tion windows. The software also 
automates DAPiSP worksheets for 
background operation, performs 
clipboard cut and paste, manages 
memory allocation, and uses Win- 
dows printer drivers. 

Other new features are icon but- 
tons for session control and data ma- 
nipulation, QR and SVD matrix de- 
composition, Sobel edge detection, 
minimum, median, and maximum 1m- 
age filtering, time and date stamp- 
ing, as well as string manipulation 
and data type conversion. Price de- 
pends on configuration. 

DSP. Development Corp., One 
Kendall Square, Cambridge, 
MA 02139; (617) 577-1133; fax 
(617) 577-8211. 
M@ SHERRIE VAN TYLE 
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DIRECT CONNECTION ADS 


DIRECT CONNECTION ADS 






6004 Logic Scope Probe Kit 
oscilloscope into 8-channel real-time logic 
analyzer, trigger-probe or MUX-mode tool for 
digital analysis of newest circuits and ICs. 
Memory switch saves 3 readings. Daisy-chain up 
to 3 units for 24 channel system. Board powered 
(5V). Kit includes MX9100 probe assembly, 
Micrograbber® lead, comb BNC and phone 
jack/plug interface cabling. 


ITT Pomona Electronics 
1500 E. Ninth Street, Pomona, CA 91766-3835 
(909) 469-2900 Fax (909) 629-3317 
ITT POMONA ELECTRONICS CIRCLE 407 


Relex 
Reliabili 
Software 


... the inturtive solution" 


* Bellcore 
#* Mechanical 


* FMEA, FMECA 
% Maintainability 
% Parts Count, more ... 


Call 410-788-9000 Today for Information and a 
Self-Running Demo Disk on this Integrated and 
Highly Acclaimed Set of Software Tools! 


ININ(eN7 NIN iaeiste aa \ 1a Blasilen Sie INie 
Two English Elm Court - Baltimore, MD 21228 
410-788-9000 - 410-788-900 
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e Eight RS-232 Ports with all Modem Control 


Signals 


e Selectable Interrupt (2-7 & 10, 11, 12, or 15) 
e On Board Interrupt Status Register Provides 


Greater Throughput 
Multiple Cards can Share the same IRQ 
16550AFN Buffered UART Optional 
PAL Addressing Option 
XENIX/UNIX Compatible 
Excellent Technical Support 
Call for FREE Catalog 
Sealevel Systems Inc. 
P.O. Box 830 


SEALEVEL tivery, sc 20657 


(803) 843-4343 





CIRCLE 410 


Techno; .; == 


Affordable 


X-Y Tables 
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QO Ball screws, recirculating bearings 
QO Sizes from 4°x4* to 49°x49° 


aii oe We el cy 


TEL: 516-328-3970 
FAX: 516-326-8827 


2101 Jericho Tnpk., N.H.P., NY 11040 
TECHNO CIRCLE 412 














wr acs ae wee 
Best Value in the World 


for 
POLYIMIDE & FR4 
1 to 5 DAY TURN 


1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 
| 60 | 311 | 369 | 853 | 1049 | 1137 | 
| 90 | 358 | 448 | 980 | 1207 |- 1434 | 
M5 PIECES x 1.34 %&! 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 # ULLISTED 
EXTRAS CAPABILITIES 
: 4 s as 
oa Ot Foiyinise Making te 
@ Testing @ Full Body Gold 5Y, 
Gold Contacts - $50 @ Carbon Paste ° 


W 25% - Below8 Mil Hol @ Tin nickel burn-in boards 
0 ewe. i SMT-SMOBC @ cop 


- Below 15 Mil Hole @ Up to 22 layers 1 0% 
M@ SMOBC & LPI- $50 ‘MM Impedance control boards ° 


FOR MORE INFORMATION CALL OR FAX 


Ken Bahl Mf 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 





DISCOUNTS 





PROTO EXPRESS CIRCLE 409 


We speak your language! 
VHDL 


VIEWP®INT 


INTERNATIONAL 


Outsourcing Specialists 


- Optimize time to market 
- Cost effective designs 
oe aleiger-bsiom 0) gele lorena hala) 


On-site or Off-site 
ASIC & FPGA Design & Training 
using VHDL & Synthesis 


Tel: (408) 954-7370 
Fax: (408) 954-7372 
2880 Zanker Road. Suite 203 
San Jose, CA 95134. USA 


VIEWPOINT INTERNATIONAL CIRCLE 413 





MICROCONTROLLERS 


¢ C Programmable 
e Data Acquisition 
¢ Control / Test 

e Excellent Support 
From $159 Qty 1 


e New Keyboard 
Display Modules 





Use our Little Giant™ and Tiny Giant™ miniature control- 
lers to computerize your product, plant or test department. 
Features built-in power supply, digital I/O to 48+ lines, 
serial 1/0 (RS232 / RS485), A/D converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 interactive Dy- 
namic C™ makes serious software development easy. 
You're only one phone call away from a total solution. 


Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog #18) 


Z-WORLD ENGINEERING CIRCLE 414 


DES I16 NR 


DIRECT CONNECTION 























° Schematic Entry. eIsSpice3 Simulator 
eSPICE Models  ¢ Real Time Graphics 


Call or Write For Your FREE 
Demonstration and Information Kit! 
Fax 310-833-9658 Z= P.O. Box 710 San Pedro, 


Tel. 310-833-0710 intusoft —©490783-0710 
INTUSOFT CIRCLE 406 


DC/CAD 
introducing. . 
THE TERMINATOR 
Super High Density Router 
(Complete with Schematic & PCB EDITOR) 
Features the following powerful algorithm & capability: 
; Mas Boe eny CALL FOR FREE DEMO 
Pre-routing of SMT’ components 5-2 Range:$195-$2500 
* Real-Time via minimization *Special tional offer 
; pecial promotiona 
* Real-Time clean up passes : : 
: is currently available 
* User defined strategies 
* Window 3.0 capability as DOS Task 
* |-mil Autoplacer and Autopanning 
* Two-way Gerber and DXF 
* Automatic Ground Plane w/Cross-Hatching 
* Complete w/Schematic & Dolly Libraries 
* Optional simulation capability & enhanced mode for 386 users 
PCB LAYOUT SERVICE AT LOW COST 
LEASE PROGRAM & SITE LICENSE AVAILABLE 


1771 State Highway 34, Farmingdale, N.J. 07727 
(908) 681-7700 * (908) 681-8733 (FAX) 


*DC/CAD.. .. The performance value leader for the demanding entrepreneur. 
DESIGN COMPUTATION CIRCLE 404 


16-BIT, 2 MHz HYBRID 
SAMPLING A/D CONVERTER 


The ADC4322 is the world’s first true 16-bit, 
2 MHz Sampling A/D Converter providing 
state-of-the-art performance in a hybrid pack- 
age. With 90 GB signal-to-noise ratio and -92 
dB peak distortion, the ADC4322 is designed 
for applications demanding very high speed 
and resolution such as digital signal process- 
ing, medical instrumentation, CCD imaging, 
ATE, analytical instruments, and radar/sonar. 
Call today 1-(800) 446- 8936 


ANALOGIC CORPORATION 
360 Audubon Road, Wakefield, MA 01880 
Tel (508) 977-3000 Fax (617) 245-1274 


CIRCLE 401 


BIE LECTRONIC 


YOUR 
AND 
HERE 


Here’s all you have to do: 


= Send a B/W or 4C glossy photo. 


w Include 13 lines of copy. 
(37 characters per line) 


w Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 


ASIC SOFTWARE 


for PC, Sun, HP and Mac. 


New S-Edit] 
Schematic | 
Editor 


S-Edit: Schematic Editor 
L-Edit: Full-custom layout editor 
e All-angle polygons & wires 

e GDS-II & CIF input/output Call (818) “a 
e Integrated add-on modules... 792-3000 
DRC: Design Rule Checker | x304 for your 
Extract: SPICE netlist extractor | free L-Edit | 
LVS: Netlist comparison utility | demo disk. | 
SPR: Std Cell Place & Route = 
CMOS layout libraries 

T-Spice: Circuit Simulator 


TANNER 


RESEARCH 


TANNER RESEARCH CIRCLE 411 


GET 2S?Peed! 


40 MIPS DSP 
12.5 MIPS DSP 


TMS320C5X 
TMS320C2X 


In-Circuit Emulators 
Featuring: 
¢ Tl compatible HLL Debugger 
e 4K deep real-time trace buffer 
e Zero wait-state overlay memory 
¢ Multiple hardware breakpoints 


aoa 1-800-783-9546 


FAX 214-245-1005 
MACROCHIP RESEARCH CIRCLE 415 





DATA I/O 





ADS 


¢ Programs PLDs, To order, call: 
PROMs, and EPROMs_ = 4.800-3-DatalO, 
and microcontrollers up Ext, 90 
to 48 pins 

¢ Algorithm updates 
available via electronic 
bulletin board 


(1-800-332-8246) 


Also distributed by: 
Promark 

_ Technology West 
Special Introductory Price (4_ 399.277.3345) 


32-pin version: —JDR Microdevices 
$895 (1-800-538-5000) 


48 -pin version: 
31495  DATATI/O 


CIRCLE 403 





COMFORMING TO IEC pub. 801-2 
ELECTROSTATIC DISCHARGE SIMULATOR 


ESS-I06L ( WITH DISCHARGE GUN 
MODEL MODEL TC-815D 
@ Output voltage/0.2~25kV 
| @Polarity/+, = 
@ Energy Storage capacitor/ 
150pF (Changeable) 
@ Rise time/0.7~1ns 


TC-815D_ 


ESS-100L 
U.S.A. WATAHAN NOHARA INTERNATIONAL, INC. 


TEL(800)366-3515 


NOISE LABORATORY CIRCLE 408 





DECISION 


IS YOURS! | 
as to who gives you the best value? 
5 DAY TURN SERVICES: 
PRINTED GROUIT BOARDS . re 5 DAY TURN 


TWO-PIECE PRICES u ha Nae 
LAYERS Tabtlovar 


38 | ti-layer 
sau [50 |s75 | + Meng 
Nor [90 | 360800 
[ass 7s 


Instant Quotes 
© 5 Pieces x 1.33 © 10 Pieces x 1.66 ° SMOBC and LPI 


EXTRAS: Photoplotting © Testing © Golde Electrical Testing 


DESIGN 
Extensive expertise in single, 
double & multi-layer circuit 

esign 
Latest desi i tools os tech- 
aes to sir ype identify 

“ie to red be layers He! sim- 
assembl 

spotty to ywuages design 
alternatives to improve fabri- 
cation efficiency 


CALL US TODAY AT 
fecut trace 1-800-600-661 





ACCUTRACE INC CIRCLE 400 


DES IGN 


INSTRUMENT 
PRODUCTS DESCRIBED — 


The 1994 catalog — 
from National In 
struments, Aus 
tin, Texas, was re- | 
designed to make | 
it easier for de 
signers to find 





ene ah : 
sees isa, 





technical specifi — 


cations. The 528 
page, full-color catalog describes 
software and hardware products for 
developing integrated measurement 
and instrumentation systems based 
on the IBM PC/XT/AT, PS/2, EISA, 
Macintosh, Sun, Hewlett-Packard, 
DEC, and other computer platforms. 
Five color-coded sections cover in- 
strumentation software, GPIB, data 
acquisition, VXI/MXI, and customer 
education. The product sections fea- 
ture comprehensive tutorials, includ- 
ing application examples. JN 


CIRCLE 781 


GUIDE DETAILS 
MODULAR PRODUCTS 


White Technology’s Modular Prod- 
uct Guide contains production de- 
scriptions and specifications for the 
Phoenix, Ariz., company’s static 
RAMs, EEPROMs, flash PROMs, 
and microcontrollers. Military 
screening is available to meet vari- 
ous mil standards. The facility is cer- 
tified to MIL-STD-1772B. For the 
free guide, contact (602) 487-1520; 
fax -9120. SVT 


WIRELESS TEST PRODUCTS 


A new brochure describing over 30 
products for wireless communica- 
tions test (literature 5091-7273) is 
available for free from Hewlett- 
Packard, Palo Alto, Calif. The 18- 
page, full-color brochure is designed 
to help communications managers 
and engineers select HP test prod- 
ucts for research and development, 
manufacturing, and field test. It in- 
cludes a table that shows the commu- 
nications systems that can be tested 
and the types of measurements that 
can be made. Call 800-452- 


4844. cM 





E LL.B. TEs 










NEW LITERATURE 


BOOK DETAILS CARE 
OF TOKEN RING LANS 


“The Token Ring Healthcare Guide” 
is a 48-page reference book for 
checking, documenting, and evaluat- 
ing token-ring local-area networks. 
The book, which is offered for free 
by Fluke Corp., Everett, Wash., pro- 
vides step-by-step guidelines for 
solving the most common network 
problems. The first two sections of 
the book are called “‘Preventing 
Problems” and “Solving problems.” 
These are followed by appendices on 
token-ring errors, operation, trou- 
bleshooting, and cable testing. Also 
included is a glossary of local-area 
network terms. Contact Fluke at 
(800) 448-5853. JN 


PAL CONVERSION 
GUIDE OFFERED 


The PAL Conver- 7 
sion Guide from = 
Xilinx, San Jose, 
Calif., demon- 
strates the ease of 
programmable ar- 
ray logic conver- 
sion with the com- 
pany’s EPLDs. 
The guide contains a PAL conversion 
application note, data sheets, and in- 
formation of compilers and lan- 
guages. Call the 24-hour literature 
hotline for a copy (800) 281- 
3386. SVT 


COMPUTER INSTRUMENT 
PRODUCTS DESCRIBED 


A wide range of software and hard- 
ware products for computer-based 
integrated measurement and instru- 
mentation systems is described in a 
528-page, color catalog from Nation- 
al Instruments Corp., Austin, Texas. 
Included are products for the PC/ 
XT/AT, PS/2, EISA, Macintosh, 
Sun, Hewlett-Packard, and DEC. 
The catalog is color-coded into five 
sections: Instrumentation Software, 
GPIB, Data Acquisition, VXI/MXI, 
and Customer Education. Complete 
ordering, pricing, and warranty in- 
formation is included. JN 
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FUME EXTRACTORS 


The Tip-Evac Fume Extraction bro- 
chure, free from Pace Inc., Laurel, 
Md., illustrates a variety of fume ex- 
traction systems to remove harmful 
fumes from soldering operations. 
The brochure also explains the bene- 
fits of fume source capture by re- 
moving particulates and gases be- 
fore they reach a designer’s breath- 
ing zone. The Tip-Evac fume extrac- 
tion systems allow users to precisely 
position a suction tube on the solder- 
ing iron and remove fumes as they 
are produced. CM 


ELECTRONIC PARTS 
AND COMPONENTS 


A free catalog from MCM, Center- 
ville, Ohio, contains over 20,000 parts 
and components—more than 1,400 of 
them introduced for the first time in 
this publication. The categories of 
products include semiconductors, 
television parts, power supplies, tele- 
phone parts and accessories, connec- 
tors, tools, batteries, speakers, VCR 
parts, and test equipment. MCM has 
also expanded its lines of computer 
and cellular products. CM 


FLEXIBLE HEATER 


A brochure from Elmwood Sensors 
Inc., Pawtucket, R.I., describes a 
flexible heater sample kit to help de- 
signers specify and determine cus- 
tomized requirements for virtually 
any heater application. The kit comes 
with Kapton or UL-approved silicone 
rubber materials, with attached 
pressure-sensitive adhesive back- 
ings as an option. It provides 13 dif- 
ferent shaped heaters to meet appli- 
cation considerations, including a 
version for thermostat mounting. 
Heaters used in combination can pro- 
vide a number of resistances and 
wattages, especially when used in 
conjunction with a voltage regula- 
tor. The Elmwood Sensors Flexible 
Heater Sample Kit provides a mate- 
rials reference guide chart, an infor- 
mation booklet, and other technical 
information such as heater-mount- 
ing suggestions for customer test- 
ing in prospective applications. CM 

N 
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Mini-Circuits 





Easily combines RF+DC signals 
for your modulation or 


test requirements. e) 
DC 
Now up to 200mA DC current 100KHz-6GHz | | | 
. Model Freq Insertion Isolation dB | VSWR Price 
Now you can DC connect to the RF port of an active device, MH bees a6 RF)-(DC ~ g 
and modulate a laser over a very broad frequency range. . ay ee) YP. — 
Using statistical process control and a patent-applied for Typ. (RF+DC){(DC) 
technique of combining magnetics and microstrip, large DC Typ. Qty 
currents may pass through the Bias-Tee without saturation ff LM U L M U 1-9 
and degradation of performance. At 1/3 to 1/4 the price of | ZFBT-4R2G 10-4200 0.15 06 06 32 40 50 1.3:1 | $59.95 
competitive units, these new Bias-Tees are packaged in _ZFBT-6G 10-6000 0.15 06 1.0 32 40 30 13:1 79.95 
an aluminum case, available with SMA connectors. _zrpt-aR2qw | 0.1-4200 | 015 06 06 25 40 50 | 1.3:1 79.95 
So why wait, solve your connection problems with —_zrBt-eqw 01-6000 | 015 06 10 | 25 40 30 | 13:1 | 98995 


Mini-Circuits’ Bias-Tees. Available from stock. L=lowrange M-=mid range U = upper range 


finding new ways ... 
setting higher standards 


ee x se ® 
i Nn ; = : rc U Its WE ACCEPT AMERICAN EXPRESS AND VISA 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers/NORTH AMERICA 800-654-7949 ¢ 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 


detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 


CUSTOM PRODUCT NEEDS... Let Our Experience Work For You. F164 REV.ORG. 
CIRCLE 108 FOR U.S. RESPONSE CIRCLE 109 FOR RESPONSE OUTSIDE THE U.S. 
































CUSTOM OSCILLATORS. 
OVERNIGHT. 


Don’t wait weeks for custom oscillators. Get them programmed overnight. 
Introducing QuiXTAL” ICD6233 Programmable Metal Can Oscillators from the 
IC Designs subsidiary of Cypress Semiconductor. 
QuiXTAL is a direct replacement for conventional metal can oscillators—identical in form, 
fit, and function—and can be programmed to generate any frequency from 0.6 to 120 MHz. 
Your order is programmed the same day you call and shipped to you the 
very next day. Not only will you save time, you'll save money. QuiXTAL 
oscillators offer a 30% savings over other custom-frequency oscillators. 
Call for our overnight order package! Europe: (32) 2-652-0270, ext.119* 
Dept. C3D. Asia: Fax your request to: 1-415-940-4343." Dept C3D 








Or contact us via Europe and Asia fax and telephone numbers listed below. 
*The international operator can give you your country’s specific access code. Europe: Fax (32) 2-652-1504. Telephone Hong Kong: (852) 710-8121. India: (812) 566-630 x-3808. 
Japan: (81) 423-69-82-11. Korea: (82) 2-576-2111. Singapore: (65) 294-8389. Taiwan: (886) 2-820-53-53. IC Designs is a subsidiary of Cypress. QuiXTAL is a trademark of 
IC Designs. © 1993 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. Telephone 1-408-943-2600, Telex 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 


